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Bikini Atoll. I.ocationa ot teat detonations during ~ration REDWING 
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ABSTRACT 

Project 2.6; studied the fallout resulting fran three lalld-surface 
shots, two water-surface shots, and one air burst to: (1) obtain ran­
out samples and perform rs.diopcysical and radiochemical measure:tuents on 
the sm.pl.es; (2) prepn-e dose-rate contours in the :i.lDirecliate area of the 
atoll froJll illforma.tion gathered by this project, other projects, and 
Rad-Sa:re; and (3) evaluate the role of base 8tll"ge in the transport of 
radioactive mterial. 

Time incremental am gross fall011t sampl.es were collected on islands 
of BildlU Atoll, on a barge in Bikini Lagoon, and on three shi~ in the 
dowv.ind i'aU011t area folloWing Cherokee, an air burst; Zuni and Tewa., 
l.am-s'lll'face shots; and Navajo and Flathead, wate~su:rface shots. Gross 
fallout SSm;ples were collected on islands of Eniwtok Atoll following 
Lacrosse, a la.nd-su:r.i'ace shot. . 

Contamination levels existing at S}:lScific points on the islands wre 
msasured foUowillg11Shots lacrosse, . Zuni, Flathead, Mohawk, Navajo, and 
Tewa. by the lowering of a probe from a helicopter to a distance of 3 feet 
from the ground surface.~ 

Base-surge detectorsy cciiinS'ting basically of a }ilotovoltaic cell 
upon Wich a light beam was focused, were installed at a few close-in 
stations for Zuni, Flathead, Navajo and Tew.. 

No fall.out over the atoll ws observed following the Cherokee air 
drop. All fallout collectors wre monitored, as ws a dirt sample fran 
the inter.ded ground zero, but no activity was detected. 

Prelinrlna:ry &lalysis of the fallout samples from the other events 
provided ini'oma.tion em the ga.nma dose :rate decay; the beta decay :re.te; 
the weight, activity, rsdiochend.cal composition, tilna of arrival, rate, 
and duration of fallout; and on :the nature of iDdividual fallout parti­
cles. There ws good agreement between early field and laboratory dose 
rate decay slOJlEIS. The decay exponent for Lacrosse ws about •1.35; 
for all other events, the decay exponent nuctuated around -1.0. 

The fallout resulting from the wa.~S'Ul'faoe shots differed 1n 
nat'lll"e from. that of the lAnd-surface shots. In the case or Flathead, 
most of the activity was associated with. a slurry, or mud, llhich con­
tained CeCOJ pu-ticles, Fe2<>; particles 1 alld NaOl crystals. In the 
case of Navajo, most of the activity 'WB8 associated with liquid f'al.l.out 
and with a slllrry o:r NeCl crystals. The Lacrosse arul· Zuni :fallOlrt, on 
the other ba001 ccmsisted chief:q of particles derived from coral. In 
the samples sxam:lned for Lacrosse and ZUlli, a large najority of the 
particles making up the fallout were l'Gdioactive thraughOIIt their volume. 

The captur&-t~i'issian ratios varied with tY}:lEt or fallout aJld dis­
tance fran ground zero. Furthermore, the cloud sam.ples from Zuni and 
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Lacrosse bad lower ratios than the sol:l.d fallout. The activitr pet- unit 
weight of fallout resulting from J..sm..su:rface ,bursts \A\S..highet- at di~ 
tent stati~ than at relati~ olo•e-in •tat1ons. 

I (bl (3l 

An aerial surve;r :iliStrument provided a pttactioal mans of detemin­
ing precise contamination levels at surface locaticms in a bigb-rad:tatian 
field. 'lhe maxhnnn radiation intensities measured on the ground near the 
Lacrosse and Mcilawk craters were higher than those reported a.i'ter a:rq 
previous nuclear detonation. Ccmsistent H•l hoar dose rates 1'ro:m 10,000 
to :0,000 r/br wre obtained in the neighborhood of the Mohawk crater. 

No results are available at this time on the evalllation of the role 
of base sarge in the transport of radioactive naterial. 
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This report presents the results of one of the 4S projects partici­
pating in the Military Effects Program of Operation REDWING, which in­
cluded 17 test detonations. 

For readers interested in other pertinent teat illfornation, refer­
ence is made to rm-1344, Summary Report of' the CCIIII.IISllder, Task Unit 3. 
This StlllmlB.l7 report includes the fOllowing ini'01'l!ation of ganere.l inte:r­
est: (1) an overall description of each detonation, incl'Uding yield, 
height o! burst,, ground zero location, time of detonation, and ambient 
atmospheric conditions at detonation; (2) a disco.ssion of aU project 
results; (3) a summary of each project, including objectives and results; 
and (4) t+ complete listing of all reports covering the Hilitary Effects 
Program. 
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1.1 o.BJ'OOTIVES 

The vork performed during Operation REDWING by Projeet 2.65 w.s a 
logical extension of fallout studies conducted during previous IIU.clear 
tests. The projeet was responsible for land fall.aat studies, one P,se 
of an extensive program on fall.Ol.tt. The Btudies should help to increase 
the knowledge of -weapon effects am provide lii38SUl'ellllnts of vallle in the 
construction and evaluation of fallout-prediction models. 

The objeetives or Project 2.65 wre tot (1) obtain fallout S8.1n,Il1.es 
on land and perform radioP,.]13ical and re.dioch.em!.cal masu:rements on the 
samples; (2) prepu-e dose-rate contours in the :!Jilmediate area of the 
atoll from information gathered b7 this project, other projects, and 
Rad-safe; and (3) evaluate the role of the base surge in the transport 
of radioactive mterial. 

l. 2 MILITARY SIGNIFICANCE 

When a nuclear explosion occurs on or near the surface of land or 
w.ter, radioactive debris is later deposited aver the suri'ace as fall­
out. This contamillaticm constitutes a radiation hazard 'Which :muSt be 
considered in both offensive and defensive p)ann1ng. lWly' offensive 
and defensive procedures J:Srtinent to the use of :c.uclear 'Wei. pons depend 
upon accrurate definition of the extant and location of' the radioactive 
area. 80111:1 of the present work was designed to determine the residual- . 
radiation l8tterns resulting in the imlllldiate area of the atoll so that, 
in combination with other projects, complete residual-radiation l8tterns 
could be developed. 

It is also illlportaut to be able to predict the fallout, including 
dose-rate contours, time of arrival, rate or arrival, duration, and rate 
of decay. For this parpose several agencies have proposed prediction 
lmd.ells (Rei'erence 1). In order to evali:Iate these mr:xlels, the ei'feats 
listed above must be documented during tests of DUClear devices. The 
various £aJ.lout-prediction models are based on different ass'lllllption.s 
regarding the nature of the bomb cloud. These assumptions are neces-
si tated by tll~ JAck of ~1c inp.~t. data;. e.g .. ,_ _p!.rlicl&-_size ..d.is:triba.tion, 
distribution of activity with particle size, alJi spJ.tial distribution in 
the cload. Some of these data can be masured direct~ on fallout samples 1 
but others must be derived from. fallout masurements in conjunction with 
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•. 
meteorological data. , 

The information available on the acmtami.nation -~~~- ~!:.1~ -~ . _ _ _ ----· . . ___ _ 
area of complete a:estmetfOri for cantam:i"nit:tng.:i;ype 'Wrsts of nuclea: 
devices is sketchy. Tbis is pu-ticalar~ true for tl:ie first !ew hours 
after turst. According to th,e ''CaJabilitie_s of Atomi.c Yleapcmsn (Re!el"- ~ -
ence 2) 1 the naximnn residual radiation intensities obs&rved on the ground 
at a reference tine of H+l hour have been more than .3,000 r/hr aDd less 
than 101000 r/hr for surface bursts of nuclear weapons. The information 
available from reports on previous atomic: weapon tests :Uldicates that the 
apparent maximum dose :re.te varies only from 6,,ooo r~ to g,ooo r/br at 
l hour, despite a ten-thousandfold variation in yield. In most instances 
these H+-1 hour me'rlmm dose-rate values have been caJ.culated from read­
ings obtained at a much later tim am have not taken into account the 
contribution or any short-lived iniuced activities. These figures need 
confirllation in order to estine.te the period of denial for 8l'e&s lihere 
ear:cy occu:r:ency for short tine intervals is necessary- and to detemi.ue the 
ei'i'ect upon continued occupancy or exit from UDdergrouni i'ortifications. 

ParticiJ:ation of this project in the test of 8Jl air-burst weapon :iJl 
the JIBgaton range ws included because o:f the military importance of 
determining 'Whether suc:b. a burst results in significant i'alloo:t con~ 
tion. 

1 • .3 BACKGROUND 

1 • .3.1 Dose-Bate Contours. Documentation of fallout i'rOIIl suri'ace 
and SUbSili'f'ace nuclear detonations has been conducted a.t previous test 
ope:re.tions. The }ilenollBilon was ;first observed i'ollowing the TRINlTY test 
at .Al.all¥1gordo, Newl.fexico, in 1945 (Reference 3). Since that tim, through 
Opn-e.tions JANGlE, IVY, CASTLE, and TEAFOr, it has bee~ well establiShed 
that the residual galllliSI-radiation hazard resulting tram fallout UlllBt be 
considered seriously as a p:oblem of military significe.nee for aU types 
of detcm&tions, except were the i'irebaJl does not touch the ln.n'f'aoe of 
the earth. Prior to Operation P.EDWING, an air barst of a I!D.Iltiraegaton 
weapon bad not been conducted, and the amount of CO!ltam:il:lation resulting 
from such a. detonation needed to be established. 

Fallout 1oJ8S first ~ documented during J.ANGI:E, although limited 
da.te. were obtained during CROOSROADS and GREENHa:JSE. Arter CROOSROADS, 
the residual gamma radiation from. a nuclear detonation was first reported 
as theoretical dose-rate centaurs (Reference 3). The first compt'ehensive 
.study of fallout forecasting vas made during GREEN!iCIJSE (Reference 4). 
The latter study revealed correlation of the residual ccmta.m1nat1on from 
the Dog and Easy tower shots with the w:1nd :profiles. 

In the JANGlE !a.llotrt studies, data ware obt.a.ined to a distance at 
severe.l m:Ues from ground zero (Reference 5). Contamination pe.ttems 
for both the surface shot (1.2 RT) am the Ulldergraalld shot (1.2 RT, at a 
depth of 17 feet) vera reported u dos&-ra.te contours (Reference 6).. 

The radioactive ranout frilBl .tMr -Shots -aUrlilg-OpmitlOn8- TUMB!ER- · 
SRAPIER am UP.Eor-XNOl'HOIE ws platted as dos"""re.te contours by" use of 
the data i'ram. the radiological li!Oilitcrring logs of the Rad-Safe grCNnd and 
air surveys (Reference 7) • 

The distribution, time of arrival, am ear~ re.te ar i'all011t were 
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measured during Operations IVI (Reference 8) 8Zld OA$TIE. (ae.f~~~ 9) ~ 
The residW.-raQ.iation hazard resulting !rom the !allalrt of ridioaetive ___ . __ _ 
pa:rlicle~ . geneHtecl 'ili s··sur.raceO:et"onatian -o! ~-lligh j'ield nuclear 
weapons was demonstrated during CAS.L'UE {Reference 10) • 'Xhe falJ;out ilXVOl-v-
ed 'V8.8t a.reas extendillg well beyolld those areilll a#O~ . b1 cWie.(ting blast . 
and theriii\l effects. Radia-t;ion levels of mUitar.r . significance were fow:¥1 
to e:x:1.st at dOW!l'WiM distances greater than 180 miles. 

During OJ:ere.tion TEAw.r, measure~~ents or graund end aerial radiation 
intensity i'ollawillg Slot 7 {1.2 B!r, at a depth of 67 feet) w:re used to 
arrive at closed contour lines for H.-1 hOUl' dose rates of 100 rrrr/br ar 
higher (Reference 11). This test narked the first use of a new:cy- d.e\'~1~ 
oped aeria.l-3\lrlley instrtlllJ9nt to give rapid and accurate determinations of 
dose rates at the .3-foot level. The aerial-survey ins'trlmmlt (Reference 
12) CQnsisted oi' an external probe ot:eratad at the end of a special 500-
foot cable, lilich was lowered from a helicopter. Tbis instrument was sub­
sequently :l..l'lllraved and used during this operation to give rapid and ae>­
ca:rate determinations of dose rates above land stations \Alere excessive 
contaml.t:!S.tion wuld prohibit sur:£ace entry. 

During Operation TEAPOl', a pt"elilltinary evaluation ws made of a tech­
nique for c.alibrating a laborator,y g8llllla-detecting instl'tliiSnt to obtain 
the infinite field dose rate from a smll sample. The results wre pL"om­
is:lllg, but a need was iJXlicated far some furlher work. 

l • .3.2 Particle Characteristics. E:rtensive measureli8D.ts of the size 
distribution and actiVity Of fa:uatit }lll'ticles wre mde during previous 
tests of nuclear devices, but the definitive inprl; data required far 
i'allout,.prediction models were not obtained. 

As a thearetical approach to the problem of deriving basic inpxt 
data, attention has been given to the mchanism or pu"ticle f01'I18tion • 

. Radiochemical analyses of the solid fallout during JANGIE (Reference JJ) 
a.:OO. CASI'LE (Reference l4) demonstrated the dependence or radiochemical 
composition an particle size and the fact that different radionuclides 
wre associated v.tth the particles in different -wa.ys. These pienanena 
are often referred to as fractionation. Interpretation of these results, 
alcmg 'With the mioroscopi.c examination of pn-ticles, has led to prelil!dnar;y 
ideas about pn-ticle form.tion. Additiona.l data -were needed to check the 
CASTLE results and to further develop these ideas. 

Radiochemical a.na:cyses performed on tlle falloat fran Sb.ot 7 of Operar­
tion TEA.ror indicated a constant sr90 /&140 ratio (Reference 15). If this 
ratio is reproducible for nuclear dmces vtdch differ in yield 8lld con­
ditions of detona.tico., the sr90 level in bomb debris could be rap:Ldly 
estimated by Bal40 a.nalvsis. This procedure would be advantageous because 
the COileentration or Ba.lltO is ImlCh easier to detemi.ne than of Sr90. Op­
eration BEDtmm provided an opportunity to test the reproducibility or the 
ratio. 

1.3.3 Base Surge, . !/lle~ ~~ -"-~_wan~ Q. ~m.b~.ac.e . detonation .so.~ 
sides, it 1IB'f produce a dense cloud, called the base surge, \bich nows 
radiall.y along the suri'ace vith a high initial velocity. As it decreases 
in density and velocity, the base surge gradually rises frOlll the surface 
to form a la~f cloud. 

The base-surge phenomanon was first observed dUring Shot Baker of 
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Opera.tic:m CROSEmADS {Reference ;) 1 Since it w.s an unEa:peated occ:urrence, 
little in the 'WB1 of be.se-BUl'ge data wa.s obtained, and conf'ld:cting--ooa­
cl.~i~ were ~wn co:tloerning the role of the l::qe tnll"go. in ~ IU)­

tivity. Docummtation of the 'l:8se surge was first carried OIIIi ElyS'taDJLti­
ca~ during the JANGlE \llidergrOUlld shot, but ~a limited amunt of 
illi'ormation was obtainecl.. Basic P1Ysical effects data were obtained, 'blrl:; 
the question of base-surge activitY" we.s not resolm. An a.na.:cys1s of the 
time of arrival of activity, radiochemical data; Jhotogra};ily, and all 
other available information from the mx'lerground shot cblr.!.ng TEAror :m. 
clicated. that the base S'Ut'ge ~ the pri.ln!!.rY oe.rrier of activity in the up­
wind al:ld crosswiltd directions (Reference 4). It is unknown wether the 
high-yield surf'aoe detonations of Operations M em CAS'l'LE produced a 
base surge 1 .Attempts to sample 'b!ise surge during O,Feration CASTLE were 
thwarted by the destl'tlCtion of the raft masur:tng stations by' heav;r seas. 

The ideas an pu1;1cle foruation develo~ fl'an the results of Op3ra­
tion C.ASrm, in canjtmction with the accepted liiOdel of base S'Ut'ge i'ona­
tion, indicated that a. radioactive base SUl'_B~ .Willd be deficient ill gase­
ous ~c:ursor nuclides, such as sr89 and Bs.JirO. (Sr89 am Ba]..4.0 have 2.6 
m Xr0'1 and 16 s Xel40 Fents respectively.) Because of the chenttoal 
inertness of these gases, they carmot become appreciably .associated with 
particles until same decay has taken place. Hence, material \hich leaves 
the cloud very ea:rly should be deficient in these tru.Clides (Reference l6) • 
The · TEA:ro.r results appear to ccmfim this theory 1 btit the tiitllSUB.l. nature 
of the te!St makes it inadvisable to extrapolate the results to detODatians 
at a lesser scaled dept;h. · 

1.3.4 Salted Ueapgns. Proposals have been -.de recently to salt 
thermonuclear -weapons by incor:porating into them elements whose neutron­
capture products would control the radiological hazal'd of !allaut (Refel'­
enc~ l7). Small amcnmts of several candidate elements wre placed :in the 
Navajo dev:tce during mDWINQ in order to · evaluate thJ feasibility of salt­
ing. Scme o:! these elemants "Were incident.al.cy inclu.ded in the Ztmi device, 
but in less favorable locations. Radiochemie<:i.l a.na:cyses for the reaction 

· products 'Wel'e necessa.ry far the estilre.tion of the efficiency o£ the proo­
ess. 

---
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2.1 Eimal-lEN.r DESIGN 

CHA.l'rER 2 

IROOEDtmES 

.... ·-------- ---- -- - , __ .. 

Project 2.65 'Wa8 designed to determine the close-in contamillation 
levels resulting !rom. several of the shots of. the REDWIHG series and to 
collect informa.ticm regarding the na.ture of the fallout l!ILterial, time 
of arrival, rate BJJd duration of i'S.:Uout, 8Zld the fot'llatiCil. 8Zld signii'i­
ca.nce of base surge i'or hi&h yield ::rurface bursts. 

Full pn-ticiplt1Cil of' this project in weapon testa held at both 
Bi.k:illi am Eniwetok Atolls vas impL'actica.J. because of' overlapping shot 
schedules ~ the ocmsequent necessity for a duplication of field equip­
uent Slid persOl'lllel on the tvo atolls. Because of greater interest 'With­
in the De~nt of' Defense in the results of the detonations of high­
yield weapons, Project 2.65 eiD.lilaSized. rert;icipttion in the Bildni shots 
but did also pn-ticip!.te, on a l.illl:i,ted basis, in tw shots at Eniwetok. 
Project pll"ticipltion w.s thus limited to Se"fen shots: Cherokee, Zuni, 
Flathead, Navajo, aDd Tewa (at Bild.lli), v.i.th yields ranging !ran ap­
p:rama~ 1/J to ; MrJ and Lacrosse aDd Mohavt {at Ezlivatolc), v!th 
yields at a~te~ 38 !1' am 350 n", NSpeetivel1'. 

Contam:ination levels existing at specified points ware ~~easured on 
the day oi' the shot by a pr:obe loWered from a helicopter to v.Ltb.in 3 feet 
o! the grOUDd stn"face, and at later times, by ground rrrrrvey pu-ties. In 
addition, Signal C~ reeording dose-rate meters vare ins~ at ar 
near Project 2.65 stations tbrQUgh coordination with Project 2.2. 

Sample collection on Bilc:illi Atoll was accomplished by using three 
types or collectors: (1) the intermtttent fallout collector (JFC}, 
which collects 22 time-incremental samples; (2) the gross i'allout col­
lector (GFC)f Wich collects samples for a period oi' ll hours after 
shot; and (3J the tapa fallottt IOO!litor (!FM), ilhich collects sampl.es on 
a sticky tape \dlich moves periodically to cpose nev collection surfaces. 
The samp1ing tape mani tor ws develop!<! to corroborate the t:iJIIe..of~ 
rival data of the intermittent fallout collector am to establish the 
time o£ cessation of fallout. ~ese instX'tlll¥mta were actuated by an 
Edgerton, Ge~sbausen, and Grier, Inc. (EG&G) blue bax1 Wich respaods 
to the light !'rem the banb. 

!he .'baseooeu:t'.ga.-deteatOl'-cG.ElS-i-N -bas-ically ·oi' a J:hotovoltaic---ce-li 
upon ld:dch a light beam is i'0011Sed. The pl.Ssage oi' the base surge de­
creases the light intensity reaching the }ilotavoltaic cell. A Brown 
recorder connected to the cell produces a parmanezrt record of changes in 
the light i.ntensi ty • This instl"tlll2nt indicates the tilD!! or :p~.SSage 8Zld 
relative density of the base surge, it it exists at the staticms selec:rl;ed. 
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An n-1 minute wire signal w.s used to actuate the 'l:ase-surge indicator. 

· A description o! e.ll field inStruments used by this project iB in-
eluded in Awendix A. · ... ---· --- · 

'fue basic station layout for Bikini Atoll is ab.ovm. in Figure 2.l. 
This layout w.s plamled to ~e for mrodl!Dll'l\ coverage of the iaiands 
with a nrlnim'lD1 of equipaent mov~nt from shot to shot. The station on 
Site Cb.arlle ws not inBt~nted untU after Shot Cherokee, the Uncle 
station -was not used for Zuni 1 and the Dog station w.s relllOV'ed Irl.or to 
Navajo. For Tew1 the 'YFNB-29 ¥laS lliO'Ved. to the western portion of the 
lagoon. 

Instl"UUQel'ltatian of the stations tor each or the tirlt three B1k1n1 
events is shmm. in Table 2.1 am, for Ra:V'ajo and Tna, in Table& 2.2 8Dd 
2.3. In general, were tvo intermittent fallwt eollectors wre p.1Acec1 

TAm 2.1 ~.&mil a mmmT 2.65 S!MI(JIS 
~ BIIINI !'CR CllmClii'!E, Zlllii, AliD FL.Imr.AD 

Locatica Intermtteat 
llallcut Ocllectara 

(D'C) 

IFNB-29 l 
Charlle ~ 
Dog l 
rca: l 
GeCIL'p 2 

HCIII 7 
I«• l 
Hill 2 
Oboe 2 
On ala t= 

V:ll.liiA 2 
Iolal 2 
Rt&vo l 
J.ble l 
UG-39 l 

IAQoo40 l 
Im-6ll l 
RCIIlprik 0 

ltlot Wle4 fr:tr Cberolale. 
bcharolale cmJ;r. 
li!lot Wle4 fCIL' Zuzli 
clcheralala ml Z\1111 CllJ1, 

QrQIIII 't all.can BaaelQ-p !a;a FallM 
Calhctcn DetectCIL' l!cmitan 

(CFC) {BSl) (m!) 

l 0 0 

~ 0 1a, c 
l 0 0 
l l. 0 
1 la l 

1 0 l 
. l . Q 0 

l 0 0 
1 l. 0 
la," 0 0 

1 0 0 
l 0 l·• c 
l 0 0 
l. 0 0 
l 0 0 

l 0 0 
l 0 0 
0 0 ld 

Diltazrt. J'allCiut 
OallectCIL'I 

(11'0) 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
ld 

at the same station, one \lUI set to collect a series of 5-minute samples, 
'Wbile the other collected .3D-minute samples; howver, far stations within 
the possible bas~surge area, l- and )o-minute samples ware collected. 

Distances and aziml1ths of stations from ground zero for each of the 
B1ld.ni shots in Wlicll the project }1Lrticip!.ted are shown in Table 2.4. 

In additioo to the stations on Bikini Atoll, a station ;u estab­
lished at Rcmprik··Atoll · mi-'IIJU ·ins~nted -with a distazrt ·gron fall• 
out colle~ar (DCFC), a tape fallout manitor ('lYM), and two aerosol filter 
~~. Details of cOllStructiCil a.M operaticm are given 1n Seaticm A.5 
(Appmdix A). These instruments were actuated ~ by personnel or 
the R011gerik weather statiCIIl. They ware operated during th8 periad tl'OIIl 
H+ 2 t.o H+ 26 hours rar Slot ZUlli. 

~ .•. -........ 
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.An intermittent fallout collector, a grosa fallotzt collector, and a 
Project 2.2 dos~rate ~c~~r ~~-~®_g an_the_ .Pl'ojact 2.63in$tl!llllent- -----­
plati'Ol'iliS located on the landing ship, I.Sr-6:U1 am the converted L1.berty 
ships, YAG-39 and IA.G-40, . 

In~tation of E+Uwetok Atoll for Lacrosse was: limited to Sites 
Leroy 1 Wilma., Yvonne, and Hack (Table 2. 5 Bald Figul'e 2, 2). Each of these 
stf,l.tions incltlded. a gross i'allo'IIt collector and a Signal Corps film~ 
et. Since. ~ici~tion during Moha:wk ws limited to aerial sUl"'lEiy, no 
stations were instrumented for the shot. 

2,2 FIELD OH:RATIC!fS 

2.2.1 Installation of Equi~. Installation of equiplllnt at the 
station locations was begun appr tely 30 days before the ready date 
for the first event. Each station ~ located in a cleared area on the 

Site Inteml.ttent ClrOIIII Fallwt Bue Emp 'rapaP'&ll..ut 
P'ollaut Ca1l.ectGr8 Cal.leoto:a:. n.tectcn 

~ (IFC) (~) (Bsil 
Cha:'li• 5 3 0 1 Fill: 1 0 .1 0 c-op 2 1 1 1 . H~ 5 l 0 1 1Im 1 l 0 0 

111111 2 0 0 0 
~ 2 l 0 0 Unale 2 1 0 0 l1il1ia 2 1 0 0 I alae 2 1 0 l. 

IINva 1 1 0 0 !'bla l 1 0 0 
~ 1 1 0 0 
~39 l l 0 0 
~40 l 1 0 0 LSJ.I-611 l l 0 0 

part of the islmld site 'Where "WS.ter-wve immdation ws least like:cy to 
ocaar, i.e., an the highest part of the island and on the side farthest 
from the nearest growld zero. 

The 8.l'l'Sllgenent of the instrumnts at a typical la.nd station is 
shown in 'Figure 2 • .3. The intermittent fa.J.lmrt collectors were placed 
within concrete support i'aundations so designed that the collecting trays 
were apprcccimate:cy 2 feet 8 inches above the sUl'l'01lllding ground level. 
'Where mare than one collector ws pla.ced at a station, t.he7 wre lO feet 
a~.l ~nter to center. 

]!;aCh gross fallart collector was mounted an a oonCl'ete base adjacent 
to tlm inul"tlittent fallout cOllector ana was bOlted-tO. one. ena: o! T.he 
foundation i'or the intermittent i'allou.t colloctor. The opening or each 
collector ws appt"a:cimate:cy 4 i'eet above grouild level • 

Each tape fallout IJX)nitor ws bolted to the top o! the founda.tiaD. 
used for the intermittent fallout collector so that tile cOllection su:rfa·ce 
liWI a.bwt 4 i'oot above gratmd level. 
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The 'l:ue surge illdioators were located in the same cle&red areas, ap- . 
proxtmate]J' lO feet &war from the other ~~E-~s. . . . . . . . . ·- --·· . _ .. 

:rnatallS.tion Of. eqll1p;;ent on the JFNB;.29 l:iU-ge iii lihCMl in Hgurv 2.4. 

2.2.2 Aerial Survey-. Aerial mJ:rVe'l pc)ints on the isl.a.pds of each 
atoll 'Were located PHor to tbe first event through the use of aerial 
photographs, napi1 IUld visual reccnmaissance. These points were selected 
on the basis of the a:vailability a£ cleared areas and the pt'alCimity or 
these areas to the center of the island. 

The a.e:rial f11If!'Vey instl'U!llent described in Appendix A ws cali'J:noated 
be.fore eaoh shot on the Project 2.1 calibration range at Site Elmer. 'l'he 
instl"UUmnt ws then shipped to Bikini for installation in the S'I'Jr'lq 
helicopter. At the ccnpletion of the survey :for each shat, the illstn­
ment ws returned to EJJJer, and the calibration procedure ws repeated 
in order to make certain that no change had occurred during shipient and 
use in the field. 

Site lnterad.ttct Orola FaUcillt Bue hop '·~ hJlGirt Fallcm Callactcn Colhc:taN D.t.ctal' Mad. teN (D'C) (CJ'C) (DSl) {mQ 
Charla 2 0 0 0 J'aa: 0 0 l. 0 O.cqa 3 3 0 0 H01r 5 l. 0 . 1 lqn 1 1 0 0 

Nc1 2 0 0 0 11ncle 2 1 0 0 1/Uljq 2 1 0 0 llzoltyo l. 1 0 0 Able l. 1 0 0 

IFlm-29 l 1 0 0 ~39 1 l 0 0 I.lG-40 l l 0 0 tsr-6n l l 0 0 

After each shot 1 the survey ntl.ssion regan as soon as clearance ws 
granted by' Comnander, Task Group 7 .1. In most oases, this ws at about 
H+7 hours. For tlie Bikini events, the soxvey began on Site Nan and FO­
oeeded around the atoll in a counterclock.vise direction, ending at Oboe 
For Shots Lacrosse and Hohawk, at Eniwetok Atoll, the survey nr:t.ssion • 
began on Site EJ..ner and proceeded around the atoll until the southern 
chain of islal:lds was reached. These nr:t.ssions were I'eJ:GS.ted on n.- 1 aZJd 
Dt2 ds;vs for each shot. 

The probe -was lowered through the side door of the H-l9 helicopter 
as it hov~ at a.n aJ.titwe or about 600 i'-eet above a clleck pomt· on 
the grOUDd. }Jhen the tripod support touched the ground, the probe ws 
at a point 3 i'eet above the surface, and a reading ws taken. The opere.­
tor then reeled in a portion of the cable, end the hel"'.copter lli.C7Ved to 
the next check point, lr.'here the procedure ws repeated. Fi~ 2.5 shows 
the probe and tripod SUppo...""t reing lowe!'ed from a StlrVey heUcopter. 

22 ---· ... , ...... 
Ul:~ CLA££-IFI-ED .. ---- · --· --·----· -·-

-~.~ . 



i 
-I 
! 

2 

UNCLASSIFIED 

~EROKEE .r 
fkf.IOII/ 

CINNII) 

~~~g- - - ·- ·- ---- -- -.------------_, .• "' .. t . 

2·1 FC ~-+----..11~'-
1· GFC \ 

\ 
{ 

Figure 2.1 Basic station lajyotrt tor B:Udl:d Atoll. 

I 
. ....,.., ... 

GFC ·Gross Fallout Collector 
l·GFC 

Figure 2.2 Project 2.65 stations !or Lacrosse. 
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Figu:re 2 • .3 Project 2.65 station sha'lt1ng two intel'llli.ttent 
falloat collectors (IFC), one groaa £all011t collector 
( <FC), 8.1ld one be.s&-surge detector (BSD) • 

Figure 2.4 Project 2.65 station an lFNB-29, moving 
tapa fallaut JDOnitar (TFM) gross f'alloat collector 
(C!'O), and intemittent i~ont collectar (IFC). 
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Figtll"e 2.5 Probe and tripcxi being lowered f:rat1 H-19 helicopt;er. 

Conversion !actors i'Ol' changing dos&-rate readings for various al­
titudes a.bme ground to the equivalent reading at the 3-foot level were 
obtained by taking gamma. dos&-rate readings at various altitUdes abcne 
Site Charlie. These readings were obtained by raising the pt'o'l:e to 
successi'Vely higher levels as the helicopter hovered at its initial al.ti ... 
tude. Cc:nversion :factors as obtained were not directly used for the 
present ~iS; rtlich uses the rea.cllilgs ta.ken at .3 feet. These data, 
combined with other factors \lhich taka into account the geQ~Ietry of the 
activity 'Will eventuall,y provide a basis for correlation between l'eadings 
taken at an altitude above the ground and those ta.l!.Bn at 3 feet. 

For Slots Lacrosse, Habawk, Slld ZUlli, readings were taken as close 
to the crater as was consistent vith safety ·to personnel ill the hellcopter. 

2. 2,3 Reomerz of Samp'l.es. Tvo gross fallout samples vere recov­
ered by helicopter on D-day for each Bikini shot. These samples were 
obtained aa earzy as possible, so that ea.r:cy decay masure1111nts could be 
started. The reol'l'frlning samples fran the gross fallOtlt collectors, the 
intermittent fallout collectors, and the tape monitors on the island 
stations wel'8 reccnered on D+l day after each event. Samples fran the · 
r.sr and the two YA.G's vere recovered as soon as ~;y ret~. ta. the .. 
Bikf:ni or .. ElliwtOlC lAgoon. ···· · ·- · .. . · 

Far the Bildni events, the island samples wre brought to Site Nan, 
were they wre prepared for shipnent to En:Lwtok. All samples arrived 
at the field laboratory' on Site Ellner (of Eniwtok Atoll) by 1>+2. 

For Shot Lacrosse, all. samples vera available for ~is on D+-l 
day. 
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2 • .3 .AN.ALlTIO.AL :ffiO:::EDURES 

2.3.1 Aerial Survey. The rav aaria.l SUl'Vey data 'Were cornc""ted 'ij" 
J:Z¥aa.ns Of the i!iSti'Ullent callbraticm curves WiOh -were obtained prior to 
each shot. Data.ilB of the calibration procedure, along with a typical 
calibration curve, are given in Append:bc A. Field gamna decay curves 
were taken then draw for several of the islands included in the f111rrt~ 
by use of the values obtained bet wen D-day- and D+ 2 days. The decay ex­
ponent for each set of readings was then obtained, and the average value 
-was used for correction of the J:Z¥ansured dose-rate readings to the equiv-­
alent H+l hour values. 

Conve"rSion fa.ctors for changing dose-rate readings for various al­
titudes above ground to the equivalent reading at the 3-foot level wre 
obtailled b-J the plotting of the ratio of ground read.ing to altitude read­
ing against probe height above ground. 

2.3.2 Weight and Activity of Fallout. The intermittent fallart 
sam.pJ.es 'liiicli wre drY \reTe carei'Ulli 'llt"Wihed from each tray into the ato­
tachad bottle, and the total weight of the sample ~ determined by staxui­
ard balll.noe techniques. A portion of each sample to be used for activ.!.ty 
analysis w.s then pla.ced in a previous~ weighed, stainless-steel cup and 
the weight determined. The am.ount of · the sample taken ~s kept betwen 
5 and lO mg1 in order to min:il!lize self-a.bsorpUan in the sample. The 
sample uas then oounted in precisicn beta,..count:ing equi.Jmnt. The count-­
ing equipnent and procedures and the corrections necessary for determin­
ing activity in disinteg:re.tions per minute are described in ,&.ppendix B. 

Internti.ttent.-falloat samples 'Which contained both liquid and solid 
were filtered using the Fishe:- filtrator a.nd 'Wb.atmn No. 42 filter }Bper. 
The filter p1per 'WaS ashei, and the wight of the residue 'WaS determined. 
Portions were then taken for activity analysis as described above. The 
total JOlume of the filtrate was obtained and a.liqaots of tram. l to 11000 
lambda (dep:~nding on the s~cifi.c activity) were pl.p:~tted into staml..ess­
steel counting cu.ps. These cups were dried under infrared l.amp:l and counto­
ed in the usual =umer. 

Samples from the gross-fallout collectors wre first weighed and an 
aliquot taken for beta activity per unit wight. These samples 'W'ere 
treated in the same manner as the IFC samples described above. Weight 
and aotiv.!.ty per unit area of sampling suri'ace wre then plotted as a 
fUnction of particle size. 

The portion or several gross-fallout-collector samples remaining 
after allquots wre taken for beta activity p:~r unit wight, beta decay, 
and @3JIII&-dose-rate decay -were size-separated ~rith U. s. standard sieves. 
The sieving separated the particles into the folloo.dng size ranges: 
0 to 4411-, 44 to 74 11, 74 to 105 11 1 105 to :149~, 149 to 21011, 210 to 
42011" 420 to 840 Jlo, and greater than e;..o Jlo. m size ranges were "Weighed, 
and an aliquot a£ each was placed in a stainless-steel counting cup and 
wei~ed again. Fro:n these weights and the activity of tll.e allquots, ao­
tivity versus particle s:tze tor the fanout samples ws obtained. 

*1 lambda • 10-6 ll ters. 
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2.:3.:3 Partie~~ I-13asurem!nts. Portions of all ~ze..grW.ed 
samples 1-~ere placed on 1l'lll stripping .film msunted on plastie l"ings f-<Jr 
radioautography. A r.ti.xture o! xylene and silicone "J??S added to hold the 
sample in place 1 and the oa.mple '1-Ja.S ro::posed for 24 hours. All NTB film 
\laS processed at the test site and retut'Iled to the Army Chemcal Center · 
for a.nazysis. Particle-size distributions and the I'S.tio o.f active to 
inP.cti ve particles in eo.ch size range 'Will be determined. 

2.:3.4 Decay HellsureD¥mts. l·ieP..su:rexoonts of beta decay wre taken 
for ill inte:rm:i.ttent=fallout collector interva~ \ilich contained samples 
count:ing 1,000 counts t:er minute or more at initial counting. 

Aliquots from ftt'OS&-.ialla\rt collectors wre used rm· beta decay 
measurements I as 'Well as far ga.mrrA decay IOOa.surellmlts • 

. The sample to be nee.sured 'WllS transferred to a staillless-steel catmt,.. 
ing cup for beta-decay neasurelll'lllts and to a glass planchet for gaJiliia 
dosage decay measure100nts. It \laS then immobilized 'With a. small amCJmit 
of siliccme res:in diluted 'With to1uene :ill order to facilitate counting 
and handline procedures. 

'l'he counting tecbn:i.que for beta decay masurements is described in 
.A.ppenc11x B. The cotmting for ga.Tllla dosage decay neasurell&lts t& dane 
using a Jordan .AGB-1D-3R survey :n:eter 'With the sample p1a.ced. in a fixed 
geometry l inch a.wr from. the llllter surface. The AC&-10-SR survey llllter 
is the oame as the AGB-lOK-SR neter, described in .A.PIEJdix A, e:xoept tbe.t 
the upJ;er range limit is 10 r/hr. 

Decay :n:easure:nents -were begun at H+ 24 hours or less and eontinued. at 
the test site far a period ranging from 100- to 1,000 hours. The samples 
were then returned to . the Army Chenrl.cal Center, were the analysis was 
continued. For the first 100 hours, the samples vere counted once every 
24 hours. At later ti.D!s they \Tare counted every other day. 

Curves of field gaJllllltV-dose-ra.te deca7 were platted fran aerial and 
ground rru:rvey data taken at the sane locations on successive days from 
R+ 8 hours to H+ 50 han-s. 

2.3.5 TilE of Arrival, Rate, and Duration o! Fa.llout. The time o£ 
fallout arrival at each sta·c.ion \laB determined frC811 the anazysis of the 
samples collected by- the intermittent fallout collector a:nd fran the tat:e 
monitor c1a. ta.. 

Samples frOl!l the intemi ttent fallout collectors -were . preptred a.nd 
counted with precision beta count~ equipnent, as described previous~ 
in Section 2.3.2. 

Counting was begun a.t about H+50 hours, and all activities we:re cw­
rected reek to this sta.ncla.rd tim. The decay eT.pCment used for th:i.s 
purpose \laS derived from the early beta decay curves obtained frcm these 
samples. Counts per m:Ulute vera converted to dis:integre.ticms per miiXute, 
as described in App3ndix B. 

The total activity per sampling interval 'WaS then plotted as a i'tmc>­
tion o! t-ime. From these graphs, ·the t-i:lne or arrival1 the time· tar the 
maximum rate ar. i'e.Jlout, and the tilm at which signifi~t falloo.t ends 
were determined. · 

Additicmal t:il!le of arrival data wre det.ermined. from the tape :ran­
out monitor. Relative activities vere determined by monitoring the in­
clividual sections of the tape vith e. BeclaDan ~«-5 G-M :rorvey :aeter. 
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A constant ~~try ws ndntained through. the use of a. special .moup;t; for 
th,~ ~ter a.p.d s~pl{'. 'X®.se ®t~ _ _wre us.ed. only _for. .determining..aat:i.v.ity.-- ­
peaks. 

2.3.6 Base-SUrge Rlenomena. The records obtained. from the base­
surge deteCtors were ins-pected to determ:lne 'lilether 8J:t1 changes ~ the 
intensity of the light beam reaching the !hotovoltaic cell occurred d1l;t\oo 
ing the time intervals or interest. 'Where a decrease in the light in­
tensity occurred, the records were evaluated to determine the probable 
cause of the change, By comparison of the time and duration of the de­
crease in light intensity with the estimated times or axrival of the 
blast wve, possible -water wave, ar base surge, the existence ar absence 
of a surge can possibly be deduced, 

Further indications of the significance of the base surge, its role 
in the transport of radioactivity, and the mechanism by \odlich it becomes 
contandnated will depend upon the results of radiochemical analysis for 
sr89 and, Bal40 1 'Which have gaseous precursors, and a comparison a! these 
concentrations with those of Mo99 am Cel44.. It is assumed that the base 
surge will be deficient in gaseous-precursor fission products, 

2.3, 7 Radiochemistry. Samples of solid e;t'OSS fallout, wen ob­
taine<i in SUffiCient amount, were sepu-ated. by u. s. standard sieves into 
the following size ranges: 0 to 4414 , 74 to 105 J.L , 105 to 149 11o , J4 9 to 
210 JL , 210 to 420 11o, 420 to 840 1.1 1 and greater than 840 1.1. • Where the ~ 
to-..'.41.1 fraction ws sufficiently large 1 a further separation w.s effected 
by the roller ana~er into the following size ranges: 0 to 5 J.L, 5 to 
J4 ~ , 10 to 22 ~ , 16 to 32 ~ , and 26 to 44 11o • The roller analyzer has 
certain lllllitations in that it has a tendency to break up the particles, 
but no o'llier method w.s available to obtain la.rge samples in this ~ 
ticle size region. A weigbed portion of each size fraction dissolved 
in hydrochloric acid, The remainder of each fraction was reserved for 
measurement of }m'ticle-size distribution, determination of percent of 
active ll&rlieles, chemical microscopy. ana iiliHl: DOcilieea '~ 

(b) (3) 

(b) (3) 

CCiiiiPlete g&.liDlll. specrt.ra and Sr90/Re.l40 ratios are being determined at 
the~ Chelldcal. C.e!l~ QP. !J~~Q!l~~-:~~qt ~. 

2.3.8 Ji)tamlnation o:r Individual Particles, Samples selected for 
stW.y were tii'St ax:am:ined Urid8r the microscope. A Bausch and Lomb stere­
oscopic microscope was used throughout this work. Aliquots vere encased · 
in trs.nspuoent, plastic mounts, The motmts vere ground down by petrcr 
graphic techniques 1mtil about halt of oach particle re:mined1 so that 
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the cross sections ware revealed. The numbers of Fticles of val:iQM 
typelt were counted ucder the microscope. :Ehotomiarogl'BPts were XlBde_~ 
KOO.ak -Plus x; am l!llttac.bronle · ·m.m-'Witlr a: u:t·cs.· ~-SZiil-acoesiiOi:!.es. 

Rs.dioa.utogt'&:phs \le'H Dade by -placing the plastic 1D(Rmts in contact 
with Kodak metallographic plates fo:r pericxls rangl.ng :t'roml/2 to 7 min- · 
utes. Plates wre developed in accordance with the I!latXUfacturer•s in­
struetians. The radioautogralilS were matched aver the corresponding 
plastic IOOUiltS and e:xandned under the microscope. The number of radio- · 
active ~icles far each J.llrl,icle type ws determined, 8Zld the particles 
were designated as active tb.rou.ghout or as active only on the surface. 

Because of the coral and salt water en'Vironmant, the chemical species 
tQ be expected in macro-qllAilti ties in fallout from shots 1n the Faci!ic 
Proving Gr01md are llmited to a few cOIIlPO\lllds. Hence, ODly a smll. llllm­
ber of tests are needed to complete a gross chemical characterization or 
the particles. These tests were applied to individual1 £eationed tm"ti• 
cles under the microscope. A basic reaction to pumolj:ilthalein !Daioated. 
the presence of oalci'IDII. axide or a&lcium ~ana.e. Bubbling upcm the ad­
dition of l M nitric acid serncl as an i.Mication of oa.lcium. oa.r'bcmate. 
1'he sUver Ditrate test was ued far chloride ion. Potassium ferrOO)'&Dide 
a.M pgtassium thioeya.nate were used to test for iron. Ferrcmagnetism. vas 
tested by 'l:rr:ing1.ng a smJJ. Dll.gzl8t near to loose psrticl.es while the parti­
cles vere viewd \lith a microscope. 

The bulk density ot fallCRrt samples ws deter.milled through the use 
of a p;ycnometer. The detailed procedure is given in A~ B • 
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RESOLTS AND OBSE:RVATIOOS 

Usef'ul data were obtained by this project following each of the shots 
in lhich pn-t.iciplticm ws planned except for Slot Cherokee. The yields 
and locations o! these shots are tabulated in Table .J.l. 

Ho fa.Uo&lt vas ob.sen'84 over tbe BU::1ni Atoll fo.Uowing the CherokM 
air drop. AU fall.ol1't collectors vee ldlitored, nevertheless, ml 111 
ea.rth sample 11M scooped from t.be area o! the intded. gl'Omld MrO. tis 

---
Slat Atoll T7Pe ot lllot a--.1 L-tiCil Yield 

IACl'QIII !Diwtok L&lld lt.lrf&oe lYcuw 
Chvobe 'R1kini .l.1r Drop NE ot Charlie 
ZUlli l!ikini lAD!~ Tara 
Flltheld ll1ldlli llarp IASOCII ott Ceorp (b) (3) llobaul< EDiwtolc )OD-rt T011ar llllby 
llaftjo B1kini llarp X.gocm ott Doc 
'!'- Bikini L&lld Sar!&oe o..r reef betwen 

Chazo:U.. au!. Dog 

-
s~, as well as those from the collectors, showed no actiVity resulting 
i'l'om the event. Since the actt1S.l gromn zero ws over -wter and not up­
'Wind !rom the atoll, no data "Were obtained relativ~ to _the pt"esence of 
con"tailxi.nation i'ollowillg a IEgaton-ra.uge air burst. 

Dos~rate contours within the a:rea of the atolls have not yet been 
constructed by this pt"Ojeot for s:ey of the events listed in Table 3.1. 
For Shot Lacrosse no da.ta were collected for the water area or the lagoon. 
For the Bikini events, dos~rate data "Were obtained for the wter area 
within the lagoon by' Projects 2.62 and 2.63. It is antici:tated. that these 
data vlll have been reduced to the equivalent infini~ plane laml-sur.fa.oe 
readings in t~ for inclusion in the final report o! Project 2.65. 

The field equipmnt used by this pt"oject operated satisfact~ in 
most cases. · In those ~c~ -~- iAttrl!Littent_ e.nd gross_falJ.Oirli .coJ.,.. 
lectors f8.ilecl to function, the Cifiiaultr 'WBB ~due to f'ailm'e of 
the blus bares to trigger the cireuits involved. Despite these fe.ilm:es, 
more than 75 percent of the collectors operated satisfacto...~ for Shots 
Lacrosse, Zlllli, Flathead, Navajo, and Taw. 

O}m'&tional difficrultit¥ 'Were experienced with the base surge 
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detecrt.~s, Q.1l8 to the effect. of the shock ,.v& in BCID& cases 8lld to tbe 
fact ~t ~e li-l ~e_ s;~~ ~- !l..¢ l'6~~'L~--~t.'~ .. J11at~on -~ ant.. . . 
inStance. -In another case, the staticxc. ws not instrumsnted, beccure ot 

· the pt'edicted height of the wter ...ave. 
After two . of the events, useful sempi.es were obtai.ned fran sources 

other than the fal.lollt collectors. After Sb.ot Lacrosse, ground scoop 
saaples w:re obtained i'roll! Sites lrl.lma end Gene, aDd another w.s retrieved 
from a depression in the canvas top of an abandoned truck at Gene. After 
Shot Zuni, a large sruuple we.s scdop3(1 :fr0111 the forward deck house of the 
YAG-40 following the ship's return to Bik1ni Lagoon on D+2 day. 

No useful s!Uilples wre obtaihed at the distant falloc.t station at 
Rongerik J~toD.. The station there •12.S not activated for s:ry shot except 
Zuni. After the Zuni event 1 the inside liner of the total fallout col­
lector -wes returned to Site Elmer a.nd surveyed for beta plus g8lllllll. activ-­
ity v.i.th an NX:-5 survey neter. An insigni£icant 8JDOimt of activity -was 
noticed. Drusbing the liner yielded no use!ul solld ra.JlcAlt sample. :Post­
shot e:mnri nation of a~ilable records revealed that there was, in !act 1 no 
significant fallout at Rongerik. 

3.1.1 Ge.mn&-Dose-Ra.te Decay. Early :f'ield gamxa dose rate decay 
curves resiilt!iiii fl'Oiii aerial survey' data are show in Figures :3.1 to :3.5. 
These curves, based upon the lll!asurements ~e on D-Oay, D+l, and D+21 
reflect the field decay rate for the period from B+S hom'S to li+50 hours. 
A strai/1lt line we.s fitted to the three :points by inspection, and the 
slore of the llne was determined by mBBUl"emant :frCill the graliJ.. No field 
decay curves were obteined. for Na.vaj o, because or the ei'!ect of the beavy 
reins lll:i.ich occurred on D+l day. 

IAboratory gamDI:!. dose rate deca:y masurell8nts obtained from selected 
gross fallout collector sanplas :for each shot are shown in Figures ,3.6 to 
3.10. The tim interval covered was from apprax:iJ!la.tely 20 hours to several 
hundred hours. 

In general, all ~ d~,>ae rate decays !or Sllot Le.crosse were silD:l.lar 
to that shown in Figure 3.6 for the solid S!.lll1J).e obtained !rom the gross 
fallout collector cxc. Site Wilma. The liquid sa.m:ple :t'ra:n this same col­
lector exhibited a n:arked.J.y- different decay, as shown in Figure ').7. 
This difference cannot be explained at this time. 

All Shot Z'lmi samples exbibi ted sim:Uar decay curves between 1!+ 40 
and II +600 hours. A representative ~ decay curve from Zuni gross fall-
out is shown in Figure ;.8. ' 

A gamna dose rate decay curve :t:ran ~ot Flathead is shown in Figlll'e 
3.9 e.nd ane from Shot lTavajo in Figure :3.10. SCJDe SSJnples show devia­
tions from these decay curves. later ~is of all decay data will 
provide inf'ormaticxc. 'lohich may ~lake :possible the construction of a compos­
ite . de~y _curve ~()I' each s}lo_h_ Cqg,seq~QD:t;JJ., ~o ~~;!~ ~~ ~Jl ~wn 
through the data points presented m tbe figures. In additicxc., due to 
the preliminary nat'Ul'e or the data, the counting errors he.ve not been 
evaluated. 

The decay slope · determined from these graphs of g8l!lJ¥ dose rate decay 
for Sb.ots Lacrosse, Zuni, Flathead, and Navajo ere listed in Table 3.2. 
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The slopes listed for the Z'lllli 8.tld llavajo curves al'e based upon the 
str.aigllt line ~sing. through the first three points ltidch c.aver . the ~. . .. . 
iod f:ralt+2Q _to_:hlO . .Mur!h . :rhi~ .tim!L~~ used___jJ), the table in _______ _ 
Ol'der that the laboratory and field DJasurements would cover the same penoa. · · · · ···· · · · 

3.1.2 Beta Decay. Beta decay data wre obtained hom gross fallout 
· colleCtOr samp:res ana from all interntl.ttent fallout collector satn}l1.es ha:v­
ing sui'ficientl:y high activities. Representative decay curves for each 
shot are shown in Figures 3.11 to 3.16. Curves for both liquid and solid 

Lac:roale Z'lllli flatiwld Mcbt.wlt 1&,..~0 Til& 

7 .uJ.d ~ DeQI.7 Slope -1.36 -0.92 ;.1,0 -1.1 b -1.08 
(1!+8 to 11+50 hDUN) 

L&bcnica7 C... Dlloe,r Slape -1.33 ..0,'}0 -1.2 ' -1.02 
_, -Cll+20"" io !1+50 ~) 

fallout samples are included for Slots Lacrosse and Z'lmi. In each case, 
appreciable differences are observed in the shape of the curves £or the 
tvo types o! samples. The decay curve for Flathead, shotom in Figure 3.15, 
is reptoesentative of those liquid and solid SBJilples \hlch had relatively 
high activity at the tillle of initial eotmting. 

3.2 AERIAL SURVEY DATA 

All survey data vere corrected through the use of the instrument cal­
ibration curves obtained immediately prior to each event. The calibration 
procedure and a typical calibration curve a.re included :i.n Appendix A. 

3.2.1 Slot lacrosse. The aerial rsarvey readings obtained on Sites 
Zooa through Daisy are shown in Table 3.3. The H+l hour d~e re.tel! vere 
determined by using a decay exponent of -1.36 as obtained from the field 
ga.mna decay curves o! Figure 3.1. These H+l hour vallles a.re llhown 011 a 
map of the atoll (Figo.re .3. 22). 

Aerial survey readings vere not obtained on Site Alice, and the value 
shawn li8S caJ.culated i'rcmt Rad-Sare ground readings. · 

All survey readings taken aver the reef near the crater lo'ere obtained 
during loll tide. The reef had '!:sen washed over by at least two high tides 
between shot time 8Zid time of the fiUZ'Vey. The calculated H+ l hour dose 
rates for Site Yvonne and the adjacent reef are shown in Figure ).18. The 
one abnoi'IIIZl!cy high reading near the edge or the c:re.ter lip li8S obtained 
on D+-l day. No other cam.:rerable dose rate levels were obsel"Ved during the 
sur-ve1~ ~e crater ws parti-a-lly -rilled-w!th-lll-ter at-all- times;-··81ld-uo- --· ·- · ··­
readings were attempted over the erater or lip. 

. J.2.2 Sb.ot Zuni. Aerial survey readings obtailled on islanas o! 
Bildni Atoll after this shot are shown in Table .3.4. The H+l hour dose 
re.tes wre detel'lldned by using a decay exponent o! -0.921 obtained from 
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um: 3.3 r.~s .&J!IWL smm:r I!Wli!Ill8, XJCRWB 
(!Wd p-. diOif lllqXIImtl -1.36) 

. - -- - . . - · --

'rille J.ttc Slat .Carrect«! !l.eadbg. K•ll:r 

·--- . 

SUmr Pa:l.nt 
DoN Rl.te 

hr m:/U 
zooa 1 7,2, 170 

TTOIIDI l 7.3 170 
2 9o2S l20 
3 9 • .3 1,700 
4 26.l7 2,400 
s 50.25 210 
6 50,,3 7,500 
7 26,25 s6,ooo 
8 26,3 44,000 
9 26.83 6so,ooo 

10 50.83 s,ooo 
ll 50.5 2,500 
l2 50.58 650 

Villa 1 7.5 710 
2 26,1 320 

50.7 90 
Clrd Rdg at ao ataticm 10.1 000 
Grd Rdc &t QOeiiD aidl 54.0 90 

ril.d& 1 7.58 4,000 
26.0 1,100 
S0. 58 340 

PeArl 1 7.7 5,900 
26,0 1,200 
50.5 450 

.Tanet l 7.75 7,WJ 
25.83 1,350 
51.4 520 

nw:r 1 7.83 13,200 
25.65 3,Wcl 50,28 

a . 
'!'he ~ at lllll"181 point ltumblr 1 loU diarecarded ·ill calculAtiDI: 
tb. &Tcage B 1 br dose rate, 'l'bia statica loU t.oo close to tba 
edge o! the 'Ate' for tll8 rel4ing to !» CCIIIIidend reli&bll, 

r/U 
2.5 

2,5 
2.5 

35.4 
202 
44.2 

1,soo 
4,7ii:J 
3,740 

57,WJ 
1,750 

540 
l40 

ll,O 
27.0 
20,0 
24.4 
Z),2 

75.3 
92.5 
73.0 

w..s 
lOl 
96.8 

l13 
114 
117 

2l.S 

m 

-- - - · 
J.~l!+lM-

1\oH Rate 

r/trr 

23.~ 

130.3 

'f7o4 

115 

219 

the field ga.lllllla decay curves of Figure 3.2. These R+l hour vallles are 
shown on a map of Bikini Atoll {Figcre 3.19). · . 

No D-elay survey readings a.re reported for. Sites William, Uncle, or 
Peter, because of instrument mlt'unctian during tbe latter pu't or tbe 
atoll survey. Arter the return !'rom. the survey mission, a. loose eozmeo­
tion in the probe cable wa.s !cum to be respcmsib~. No readings were 
obtained em Sites Roger, Sugar, Tare, or the eastern end o! Uncle, because 
o! the sa.fety limi'tatiOIJS imposed by the CCilllllWlder, Task Gl"ottp 7 .1. 

3.2.3 Shot Flathead. Survey readings !ollawing this shot are 
shown in Table 3.5. The Htl hour dose rates !or this event -were detal\­
ndned. _by using a decay exponent of. -l.O, obtained i'l'aa. the- :ri-eld ·gamllli. 

decay curves of Figu:re 3.3. lbese H+l hour valnes are show on a nap 
of Bikini !toll in Figcre 3. 20. 

'The southern island sites !:ran :Bravo through Oboe 'W'8l'e Sll1"V'fJj"ed l:ul;1 
along with Sites Nan through How, showed no increase in eontaminatian 
over the levels 'Which existed prior to Shot Flathead. 
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""" -AZiWL IKIR'im l!ZAll:i:lias, ZUlli 
II* c1"'f ~I ..0;92) 

0 o • P 

lli\e S1ii"iw1 l'o!M ~iilii .Lfter She\ -CCI:'fta\ta llll&i i•lhr l~ii+iln< 
- - ~-4 ---- -- -- -· . -- -~ - ~ . -·· - - . ---···---- -- --- - ---- ------------- -D..-J.w--- --~--- --

h1' --!'trr r/lir r/M -- . 

Lil'i't l ;,;ro;,. , 8,1 130 0;99 ...• -
32.75 so 1,2 1.2 
56.0 40 1.6 

llall l 8.2 700 4.9 
(Sairl.h) 33.0 290 7.2 ;.7 

56.1 120 4.9 

!lOW' 8.25 1,.400 9.8 
(Ccter) 2 33.0 470 ll.7 u 

;6.1 2a) ll.4 
GeCII'p 1 8.4 12,000 s; 

33.2 3,700 93 91 
;6,) 2,300 94 

Fa~: 1 8.5 u,ooo 72 
33.3 4,.300 100 9) 
56.3 2,J,CO 91! 

nos 1 s.s ll,CXXl 72 
33.3 4,000 lCO. 8'} 
56.3 2,)00 94 

Obarl1e 1 33.4 4,000 101 96 (Ce~~ter) 56.4 2,200 90 

Chal'li• 8.75 u,ooo 8:1. 
(Nort.h.ut 2 33.5 3,700 94 86 

56.; 2,000 S2 

J.ble l 8.9 12,000 90 
33.5 3,lll0 78 82 
;6.6 1,900 78 

Bra yo 1 9.1 3,lll0 24 
33.7 820 21 22 
56.8 530 22 

Zeb%11 1 9.2 2,700 21 
33.8 870 22 21 
;6.8 500 21 

Villiia 1 3:3.9 1,600· 41 40 
56.9 920 38 

tlnole l 3,4,0 9SO 25 26 (lle'llt m!) 57.0 6:!0 26 

!bit 1 3,4.1 11 500 39 38 57.1 
' 870 36 

.3! 2.4 _Shot Mohawk. The aerial survey covered the :rxn-tion ot 
Eniwt@C Atoll vhich 'WU c~ted to a aignU'icant cdet by thia 
event. This 1ncl'l¥1ed the aites between Janet ud ~. The largest 
Irtlmber of read:!ngs liU take on tbe cloie-in sites, Pearl, Ruby, and 
S~. Since Pearl and Sa.Jl1' were the sitea of previcu detcmaticlla1 
'9Bt71ng cantamillatiCil J.evela aiSted em portion~ of theae illanda prior 
tl:!.)Jo.ha'Mk._ _ ~.t'om,_the.Jitl-llctll:r-do.-Atel-dua-to---MGaavk WH- not-- ­
oal.cn:llt.ted in tbese instances. 'F~ Si't$1 Oli18 tb.:rol:leh Janet, the act\)1' 
al readings wre correcte4 by' su.btrl.cticm of tht nall doae r&'t$1 eil:18t­
ing prior to t.ba shot. the preshot read11.1P on the •oath ezXl or Fearl 
ll¥1. t.ht !)Qrth et¥1 ot Si.ll.1 'lol8te neglig!.ble lium CGalpn'ed to the J)O!St-
MchtW~. . - . 
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Site 

.l.bl.o 

Charlie 
(S1&ti.ml) 

Clb.arllo 
(Cd'~ 
Zero 

Dog 

Eall)' 

Fa~: 

Gearge 

UNCLASSIFl 

'!'ABlll M O(J!!!lo't'l'PJI Am.IAI. SDR'm ~, nJ.m.An 
(titld .-, decar CQ~~Jl~Nlltl -1.o) 

.. 

Suner Paint '!'l.JII J.!ter Slat Camtc:ted Relld:illg H•l In' 
D.-kie 

~ rtr/b:t -z/b:t 
l 9.28 a,aoo 8~ 

32.3 2,800 98 
55.9 1,600 "' 

1 9.0 18,000 lf:/1 
32.1 5,000 1n 
55.8 2,900 175 

9.2 l8,ooo 173 
2 32.1 5,200 178 

55.8 2,700 164 

l 8,83 19,000 176 
31.9 • 5,600 192 
55.7 3,200 192 

l a:n 16,000 l46 
Jl.9 5,000 ln 
55.6 2,500 150 

1 8.74 12,000 110 
31.8 2,700 92 
55.6 1,600 96 

1 8,68 6,500 59 
31.6 2,000 68 
55.5 800 48 

ivfrt.ge H+ 1 hi' 
llolt Rate 

r/br 

'1J 

172 

172 

187 

156 

99 

58 

Table 3.6 show the corrected reaaings and the equivalent H+l hom" 
readings due to the shot. A decay exponent or -1.1 ws obtained from the 
field gsmua decay ctll"Ves of Figure 3.4. These R+l hour values are shown 
in Figure 3.21.. '1he calculated R+l hoar dose rates for the area near the 
crater are shown in Figure 3.17. 

;.2.5 Sb.ot Navajo. Aerie.l surve:r of Bikl..ni Atoll following this 
shot covered th8 1Sli1'id" sites bet'WMJl Hw am Bravo. Negligible levels 
o! contam:lnation resulting from this sho-t were observed on other aecticms 
o! the atoll. The result or the D-day and Dtl da:r survey is shown in 
Table .3. 7. Extremely h.eav:r and stes.dy rains occurred between the D-elay 
surve:r and the D+l da:r Slln'ey. The table shows that the D+l day reading 
is 'Ver11ow, ccmpred to the D-day readings. Because of the aPJ:Cent 
e:t'i'eet of the rain and or the short lead time 8.tlnQimCed for the next 
event, no D+2 day readings wre obte.ined. A gqa decay Ea:pCill8Jlt or 
-1. 02, determined from laboratory ganma decay measuremnts ror ear~ 
tints, was used in ecmverting the D-da.:r rea.d1l1gs to H + 1 hoar va.J.naa. 

AlthO'llgh the islands show. had sam oantaJ!IiDation rem:dning !rem 
}'nViows shots, those with the highest pt"eahot levela vare subjected 
to the effect o£ high blast CJVerpt'eSSUl'eS and to wate:r \BV8 action prior . 
to the arrival of fallout. The H +l hour dose rates resulting frcm 
Navajo are Shawn in Figure 1;23. · · · · · - · 

3 .2.6 Sllot Tew.. SUrvey :eailings folls...ng this shot are g1vm in 
Table 3.S. The H+l hour dose rates rar this event 1M1'e determined b.r the 
use of a deca.:r exponent of -1.081 obtained from the field gamina. deeay 
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Sit. bft1 l'l:dnt '!'a lttC' Shat Ct:neated 1IMd1llc H•1 Juo . J.~!•.lbr . 

DoM Batt Doll llatt 
br •/br r/R '11/bz 

.TUI!It 1 9~ 9S, U,6 .n., 285 l:lo4 12,0 
55,.6 l:lS U.l 

late 1 9.48 m U,7 
.n.6 ZTS ]3,0 ll.9 
55.7 135 U.l 

LUGJ 1 9.53 935 U.l 
.31.6 335 lS.O 12.7 
55.7 :u.s 12.0 

Mlr7 1 9.58 l:lS 1.80 
9.88 1.25 1.74 

31.7 45 2.02 1.70 
55.8 15 1.25 

011 .... 1 9.92 35 0.42 {lt¢tb) M3 .'35 0.42 
31.7 15 O,ffl 0.50 55.8 5" 0,/J. 

Olin 1 9.95 llO 1.38 (&Nth) .31.8 so 2.24 2.71 
55.9 55 4.50 

hllzo1 1 9.'f1 1,700 • • (llartll) 31.8 2,700 • a 
SS.9 3,000 a a 

1'8u1 1 9.'f1 1,200 . a a (Ccter)· 31.8 600 • a s6.o l50 a & ' 

hllzol l 10.0 so,ooo 6Zl (Swth) 10,0 48,000 60'.3 
31.8 22,000 990 755 . 

. 56.0 9,500 '198 

Sall,r l 
(Ca11ter) 32.,4 4,.'300 b b 

56-4 3,500 

~) 1 9.33 J.l,OOO 478 
32..4 12,000 550 473 
56.4 4,600 391 

Ruby l ,31,8 34,000 1,560 
2 31.9 so,ooo 2,250 
3 32.2 180,000 8,290 
4 31.9 200,000 81990 
5 32.2 250,000 n,soo 
6 32.3 230,000 10,600 
7 32.3 m,ooo 9,900 
8 32.3 84,000 3,870 
9 32.3 285,000 13,100 

10 32.4 285,000 13,200 u 56.1 78,000 6,5so 
12 56.1 uo,ooo 9.,230 
l3 56.1 lOS,ooo s,Sl.O 
l4 56.2 l:lo;ooo . 'lOf-'300 
lS 56.2 100,000 8,400 
16 56.3 lSO,ooo 12:600 
17 S6.3 130,000 10,900 

27327 ~ ?' 7 
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curves of Figure 3.5. These H+l hour values are ·shown in F:tgnre 3.24. · 

With ~~~s:a:~:Je~rfe~!=·c:~e:m~~~{i ~rnsu: - --·-·-··----
vey over areaa of extreme:cy high contam:ine;tion levels.. On all isla:i:ds, 
the contami.Dation remaining tront previous sbots w.s negligible as ecm- " 
~ed with the high contamination levels exi.sting after this shot. The 
decay exponent determined from Figure 3.5 for Site Bravo was not incluled 
in the average va:We of -l.OS, due to its large 'VBl'iation from tbat of 
the other islands. Ex:treme~ heaVJ" rains follOW'ed this shot, as em 
Navajo. However, there was no aiJI&'9nt change in decay rates due to this 
rain. 

3.3 VARIATIOO CF DOSE RATE 'Wim HEICHT ABOVE SURFACE 

Conversion factors for changing dose-rate readings for various alti­
tudes above grounl to the equivalent readings at the 3-f'oot level for· 
Zuni and Flathead are shown in Figures 3.25 8Jld 3.26. The Zuni data were 
obtained at apprax:imately R+54 hours, 'While the Flathead data were ob­
tained at H+9 hours. No e:x:planatic:m can be given at this t~ for the 
differences in the two CU1"'1es. 

3 .4 TD-!E CF ARRIVAL, RATE, AND DURATION CF F ALUm 

The time of arrival and rate of fallout were determined~ 
i'rom. intel'lliittent fallout collector data. 2he ta}:8 i'allou.t monitor did 
not operate success~ for Zuni, although records were obtained fran 
one instrmoont far Shots Flathead and Tew. 

In general, the times of arri:val and ending of i'a.llaut, as given in 
the i'ol.low:!.ng sections, represent the times for arrival am cessaticm of 
significant fallou.t actiVity. In all instances, smu amounts of actiY... 
ity iiere collected earlier than the stated time of arriw.l and continued 
for periods later than the stated time of ending. l'he rate of fallout 
for these ear:cy alld l.a.te periods w.s generally less than the nax:1Jnum 
rate by a factor of' 100 or more. All intermittent fallout collector 
data presented in this section are expressed in terms of beta d~sinte­
~:,.~;ations plr minute for the total saapla collected in the 18-in 
trays. All activities wre corrected to H+50 hours, since this ws the 
apprtr.r::inate t~ at \lhloh counting 'W!!.s started. The decay exponent used 
was that :f:OUlld for the indiVidual shots and reporled in Section ;3.1. 

3.4.1 Shot Zuni. The activity collected during each l-minute 
sampli.'lg interval by the collector an Oboe is shown gre.pn~ in Figure 
3. 'Zl. Al~'h some activity 'W8.S collected during the first minute Blld 
during the period from 2 to 4 minutes, !IIUch larger quanti ties wre col­
lected between 16 and 20 minutes after shot. 

Similar data resulting i'ron collectors . using 5- and jO..minute sam­
pling intervals at the stations on Sites 'W'ill.:i.a.ln, Yoke, am Charlie are 
plotted :iJ1 Figures 3.28 to 3.33. In each ease, th-~ time of arrival alJi 
the nwdl!!lllD. re.tes of fallout, as determined by the tw different col­
lectors at each station, are in close agree1mnt...-evan though disc:repaneiea 
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Sit. 

!lOll 

Clurge 

7111: 

Doc 

!:bar lie 

.lbla 

'Rl'bo 

Sit. 

!IDolA 

Willlllll 

Z.bra 

llrtlvo 

.lble 

Cbarlie 

Dec 

J'aq 

7aE 

ClMrp 

.. . 

1»;r ,_Ute Sllot c-w.~ 

~ -~-
li 6.'11 llO 
R+l l/,.6 lO 

II 7.12 4,500 
N+l 34.7 170 

11 7.17 6,ooo · 
11+1 34.8 520 

II 7.32 8,000 
11+1 34.8 125 

N 7.43 6,000 
IHl 34.9 l30 

II 7.5.3 6,200 
11+1 35.0 280 

II 7.72 230 
11+1 35.2 52 

T.lBif. 3,8 CIIIMXlTED mut IJIR'fr.I RIADIJnS, ml.l 
Ct1.el4 ..-~ Ollllplllleta -l.OS) 

Dq ~ .lttc Sllot !larr.cted RMd1llg 

hr -./br 
'l 8.96 4,000 
Ttl 32.5 11000 
'1'+2 5'7.1 soo 
r 9.17 19,000 
'!'+1 32.4 61SOO 
h2 5'7.0 . 2,500 

'l' 9.28 38,000 
'1'+1 32.3 9,200 
T+2 56.8 5,900 

'l' 9.33 19,00l 
'!'+1 32,) 9,200 
'1'+2 56,8 4,f/XJ 
'r+1 32.1 n,coo 
'1'+2 56.6 17,000 

'1'+1 32.0 37,000 
'H2 S6.s lB,ooo 

T+l 31.9 16,00l 
T+2 56.4 7,500 

'l'+l )1,8 lS,OOJ 
'1'+2 56 • .3 6,800 

T+1 '~' l3.,ooo 
't+~ 56.1 s,ooo 
T+1 3i.7 '1,400 
'!'+2 56.1 4,300 
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$lll:r 
now J&w 

rf-
0,8 

33.6 

45.0 

61.6 

46·9 

49.1 

1.9 

B<o1llz' .l-..rap~l 
lloM R&t.e llMd1Jir 

rf- r/t# 
4'J 
4'J 
39 

42 

2lD 
2M 230 
195 

420 
)CJS 42S 
46S 

210 
395 320 
360 

1,5'70 
1,.335 

1,455 

1, 5'70 
1,400 

1,.485 

(/10 630 
sss 
~0 sao 
S)O 

~5 470 
390 

)lC 325 
33S 



7 
rrA"f exist :Ln ftgard to a.etW g:uantities or activity .co~ct.ed· CtmD.Jl,a-. 
tive activit,- as a function of ti:me after allot fOE . th! .~~IS . ~t~_c;,l_ 
is sh01m in F1ga;re 3.34. · The reason · for the b:anCh Ditwen .tbe curves 
fol' the tvo colleators is not umerstood. 

· The fallout arrival dAta ·for Sites Oboe, WiJ.liam, Yo~, and. Cba:'lie 
are SUlll'llllri.zed in Table :3.9. The til!lls of IU'rival ami Jm'1!!!!nn rates 
were read direct~ from the grapua of the 5-mimlte-intel"V&l collector 
data for 'WilJiam, Yoke, e.nd Charlie. The tilre of cessati011 was ~ fl'om 
the graphs of the )o-minute-interval collector data far these stations. 

Similar dAta wre not available for Sites Dog, Feet, mi Gearge, 
because the collectors at these stations did not op3rat,.. The data ob-­
tained !'rom the instl'UIISnts at the staticm on Hov 1 'Where the fallmt 

Sit. ~l'raa Azilmt.h 7:. ,.1» of .&mftl u. to llai.a !~ at C..atioz 
Qrouzxl Zero Qr.-1 Zero 'Rat. of J'allcut 

1't Ul ll!ln llln br 

Oboe 16,310 80 lh-17 1~20 
llill1u )5,000 286 15-20 25-o)O a-2.5 
Tob 43,000 :m ~)5 )s-40 lr-l.S 
nharli• 7S,ooo 336 ~s B:;-90 )-).5 

actiTit:r '6IU l"8lative~ low, showed little cat'l'ele:tiOil :f'ra 01:18 coll.eetar 
to cmother. 

3.4.2 Shot FJAthead. Twenty five o! the .33 intermittent .fallout 
coll.Cctors used for this event op3mted successi'ully. Signii'icant levels 
of fallont 'Wei'e observed onl,y em Sites. Able thrau.gh George. At all sta­
tions on these islands, i'allwt was oollocted during the first 30 m1nutes 
a..a."'ter shot. A more precise determ:lna.Uon of time a! ar.r:tval cannot be 
made, since quantitative agreenent was not obtained betweEtn. instl'Ulllmts 
using different sampl.ing intervals at the same locations. In general, 
the cwera.lllGvel or activit,- of the samples collected in the intermi.t­
tent fallrut eollectOl' for Flathead \lDS lower b;y two orders of uagnitude 
than the level oi' silllilar samples collected after Zuni. lhis liB.S true 
in spite o:r the i'act that the levels of' contami.rlatian produced em the 
islmlds in question -were of the S8llle order for the two events. A diseus­
sion of the reasons fcrr this appuoent Bn0118ly is included in Section 4.5. 

Data resulting from Jo-mtnute-interval collectors on Charlie and 
George are shown in Figures 3.:35 and .3 • .36. These data indicate that the 
llSld.mum rete of collection of fallout occurred between 1~ 8Zld 2 hours 
after shot. 

The t111rVe7f readings obtained from the record of the tape fallmt 
manitO%' on George are plotted in Figure 3.37. The record ixldicates that 
the fallout stopped a.t H+lQ. hours and started a.-gain at apprad:n:aLe1y 
H+~ and continuecl 'OlltU H+l8 hours. The vaJne plotted far the first 
56 minutes 'Was obtained by BUillldng the values obtained from the 2-lllinute-o 
interval s2Jilp.1es collected during this pericd. Small amounts or activit:y 
were recorded far each of these early intervals. 
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3.4.3 Sblt He.vajo. n.e oonte.m:tnation resultin~ frau this detona­
tion conrad tba illaud .si~~ ~~.W§n l3.ru'o SJ:ld 111M- (Figur-e- ~.-~}. -- Bela- ­
tiveJ:y b.ign lGve1ii wre.fOUcd 01i1.1 on Sites Able through Qeo;rge. The 
stations on Fax: and George were 'Washed onto ·the rea! by the -w..ter wave. 
Thus the land stations within the fallout area 'Which collected usei\1l 
samples vere those on Cliarlie, Able, and Bravo. 

The a.rr:!:vaJ. of fallout as e. i\mction of tillle a.t Charlie is repre-o 
sented gra}irl.call.y in Figures 3,38 am 3.39. The relative activity :r:er 

· sampling tray for the ,5-m:inut&-interval collGctor ws determined on the 
basis of ~ter read1Jlgs. Mor to the shot, this collector 'W8S 
tUted at a 3lrdegree &lgl.e to t.he horizontal and turned to face the 
surface willd direction, as discussed ill Section 3.5. Mu.ch la.rger quan­
ti ties o:f fallout were collected in this instl'li!Ielt than ill those Wicb. 
wre left ill the usual horizontal position. These samples 'were returned 
to the Amy Chemical Center for i'urther &la~is. The time of arrival 
of significant fallout activity at Charlie is sh01-m. by Figure 3.38 to 
have been between 30 aDd .35 millutes, The time ~riod. during 'ltlich ran­
out occurred at its max:ilmim rate "tt!lS between 45 and 50 ndmltes. The 
quantities of fallout collected in other instl'lliii8nts using 5-minute­
collection interval:! were so small that arrival data determined from 
them are inconclusive. Figure 3.39 shows the activity collected in the 
Charlie instrument for 30.ntl.nute intervals aDd indicates that significant 
fallout ended. bet\reen l~- aDd 2 hours after the detonation. 

3.4.4 Shot Tep. The conta:mina.tion resulting from this shat cavered 
sites frQlll How to Oboe. The o~ site in the fallout zone from ~ich a 
sample could be recovered on D-day -was HeM. The remaiDder of the sites 
w:re recovered on D+l aDd D+2 with the exception of Chal'Jie and Able, 
'Which wre conte.minated to such high level:! as to nake recovery inad­
visable. The a.rrl:val of fallout as a .function of tin:! for the YFNB-29 
and Sites Yoke, William, and George are rept"esented gra.puca.lly in Figures 
3,40 to 3.44. The relative activity :per sampling tray was determined an 
the basis o:r survey neter readings. The activity in the other collecto...'"'S 
was not sufficient to give reliable results by this method, due to the 
high background existing at EJ..m3r at the t:i.Ioo o! measurement. All sB.ill.p.l.es 
were :returned for further analyais. 

3. 5 RE!CET AND ACTIVITY CF 'mE FALIDUT SAl-filLES 

A CCIIIpiZ'iaan ot the gro11 fallout eollectan (CFO) sample acliivit1 
vith the oblenecl fitlcl dolt l'&te8 far Slots IaaroiH1 Za, Flathead, 
mlll'svajo ia llhCMl in Table 3.10. S1JaU.ar data !Mil Twa Vill be aftilr. 
able in tht f~ reports. 'l'he aatiT.ity par lmit 8Z'8& 1IUI dttend.xled <11 
the buia of the 2.73--tti( aampl.1ng ana. ot the collector. The H+SO hear 
dtlt rate at the ataticlllU ca.l.=le.ted from the grOlmd ~1np o'bta.1necl 
at ~- ~timlocatielll- d\uing--sample--ftccmry-at-M ar-~Clat;;- - -- ----

Table ).ll ab.CMJ actiVit,' per 'lmit wiFt far the solidi collected 
in the intemittent and gross fa.llont collect_.. In all caaea ahovn, 
signi!iOimt qwmtities of liquid vare collected in the gross faJl.allt 

cau 
·r:;--n· < " r\ 
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collectors. This liquid, ¥4lich :(:SBSed directly thr~ tlle filter in 
the collector, contained from. 5 to 2~ ~c~t_a~ __ lllll~ -~.£t1-:vit.r.~ -~­
solld remaining in the ctine of the collector. The IAG-40 figures are 
based upon the weight and activity of the Mo-42D-mic:ron traction. 1'he 
grea.t~tha.n-42D-micron fractions account for less tba.n 2 pn'cEmt of the 
total weight. 

Activity concentrations for the Flathead gross fallrut collector 
samples were not obtained, because of the mumer in Wicll the falloo.t 
w.s deposited in the collecting i..nstrlin:mts. Visual ~tion of the 
cones from the collectors showed a well defined deposit of mud-like nat­
erial on the inner sur:Cace of the cone. This deJ.lOsi t 'WBS located an the 
upper portion of the southwest side of the cone (Figure 3 .45). The d.i&­
graJit indicates that the app3.rent !lJlXi nnnn angle at Wich this ne.terial 
en~ the collector ws 26 decrees fron1 the horizontal for the station 
on SJ.te Able am .31 degrees for the one on Fax:. A rough calculatian trilicb. 
neglects the per-tmbation of the air nov by the collector and assmoos a 

&at Sit. Slmp1a .Leti?ity .LeU ?ity IV na .. .Rata .l.t llatio ot Suple 
at H SO hr 1ln.l.t .lrea Statian HtSO bra .l.cti?ity To 

Doea llata 

1o9 ~/lldlt lo9 lli/m./tt2 rttr~ lo7 ~/m 
rttr/'rsr 

La.o:--· 1/lllll. s.663 2,rJ7 91 6,) 

Zlllli !:Wli• f:IJ-27 25.37 1,6SS 4.2 Iob 10.47 ;!.It!. ~ 2.5 az..-.o 14.88 5.45 360 J,.l 
D'llll-29 26.4 9.67 
!.1.(',...40 1M8 1,.02 
Low 0.226 0.083 ll 2.1 

Fl.&thee4 Abl. 124.17 45.5 1,285 9.7 
ls l37.l2 S0.2 1,720 7,8 

l!a-.ajo Cha.rlie l 9.33 3.42 114S 1.10 
Clw-lle2 9.78 3.S8 11/,S 1.16 

density of 1.3 (intermediate bet-ween coral end 'later) indicates that the 
nari!II!nn pu"ticle size associated vith this 1'mllda ws about 150 ml.c:rcms. 
The available weather data indicate a l(}.knot surface willd fran the n~ 
ea.st (azinnlth 50 degrees)l for Bikini at detOlltltion time. Although none 
of the DJ3.terial ws found in the bottom of the collector, smll quantities 
of loose coral-like oorticles wre observed there. The so-called rm.x1 was 
still wet on D -4!1. day; but no excess liquid ws found in the two collee>-
tors in '1-Arl.ch this slurry was ol:Berved. . 

After the removal of the loose p3rticles from the bottan of the col­
leoto~, Im,11l ~ J:'9lllqved fran the inner surface of the cone by scraping 
Wile a stream. of' water vas pleyed. over the su:rface. Later surveys in­
dicated that S5 to 90 percent of the activity "WaS :removed in this wy. 

lrhls reported surface wind is subject to ftn'ther verification since 
be.lloon runs gave 20 knots from 90 degrees. 
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Exam:lllation of the intermitt~t fallout colleet.or trays failed to 
reveal the presence of the IID.ld. ~ ~~~l;llQ J~~ _coUected._in these. -. 
iruitrunmits . cans!sied ·so1ely oi' the loose, coral .. like ~cles. H~ 
ever, after removal oi' the solid i'allmrt from the dry tray& 'b7 careful 
brushing with a C8Jllll&-hair brush, a large fraction of the total activity 
renmned in the trays, as indicated by survey readlllgs taken before 8:ld 
after brushing. These monitoring data indicated that the activity re­
lllB.ining in the trays after all visible material bad been removed varied. 
from tray to tray end ;re.s greater, by a factor of ten or more, then the 
activity removed. Attempts to remove the activity by rinsing with water 
and ;rith a solution of versene !ailed to reduce the contam!..nation level 
by a.n apprecinble amount. ·Therefore, the total -activity collected. in 
the intermittent !allmrt collector trays for Flathead is not quantita-
tively known. · 

The activities per unit area of samp!ing surface {!or goth types of 
material in the gross fallout collectors and for the loose particles on:cy 
in the intermittent collectors) are compared in Table 3.12 for the Fla:t... 

Shot SitA Pi stance Tn- c! Weillht of Total Aotirtt)" Aoti'Yit)" l'tlr QrQ 

rrcm Collactor Solid Sample oL Solid at. 'It 11•50 br 
Qround Zero x+so bZ' 

n gnl.- Jifi dill/lllizl 1o8 dili/'IU/p 

Lac:rDUa wu. 14,000 ere 1-4574 56.63 38.9 
CeDe 69,000 Cii!Nu 1.1726 99.75 e5.o 

Z11111 W1llia . )5,000 ~ll'C 1.07.4 22.8 %1..0 
ll1llillll 35,000 31Wd.n Il'C 0.8693 15.1 17.0 
Iob 43,100 .5-lllA l1'C 0..1,829 l3.01 rn.o 
Yoke 43,100 Q'C 3.531 117.2 25.0 
mm-29 55,300 ere l3.47 248.0 18.0 
mm-29 55,300 5-ldA IPC O, OiZ76 0.628 23.0 
Bravo 59,800 ere ),)8 :134.5 40.6 
IA~ Z751000 CI'D 0.2858 101.0 354.0 

head fallout. The PJ.ysical and chemical characteristics of these samples 
are descr-lbed. in Section 3.6.3. 

In setting up the stations for Shot Navajo, one intermittent fall­
out collectcxr an Site Charlie, with 5-minute sampling intervals, ws 
tilted at an angle of .34 degl'ees to the horizontal and turned to face 
the expected surface ;rlnd clli:'ection. Two other 5-m::tnute-interval col• 
lectors and a 30.minute-interval collector were left in the usual hori­
zontal position. A!ter the recovery or the l1avajo seJllP.1es, the indi• 
vidual IFC trays were surveyed llith s.n MX:-5 survey ~ter. The tUtecl 
collector gave readings as high as 40 rrrr/br, as sb.O\ln in Figure .3.3S, 
l-lhile the others read no higher thE:.n the .3 or 4 rrrr/br baakgraund ex­
isting in the handling area. These samples were returned for ~is, 
and CC)lilllL~te results w:tll ~~ in. the final report. 

Monitoring of the cones in the gross i'alJ.OI.tt collectors a.].so in­
dicated that a JD.rge portion oi' the activity collected follmdng Navajo 
adhered to one side of the inner surtace oi' the cone. Since this activ­
ity -was difficult to remove canplet~ and. since the liquid portion of 
the sSlilple contained a I1U't of the total activity collected, activity ;per 
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per unit weight was not calculated. 
In Ol'Cler to obtain an estimate o£ the total activity collected, the 

surface of the cCile liaS ma:dtoned before and: l!.!ter removal -or the-·sona 
adhering to the valls. The sintered ·stainless-steel filter ws wshed 
with a solution containing versene am hy'drocbloric acid. The fraction 
of the total activity remining in the collector and on the filter vas 
then estimated. After the application o£ the necessary corrections, the 
total activity collected was determined by adding together the activity 
in the solid, that found :1n the !Uter, 8lld the activity o£ the original 
sample. The sample activities llsteq, in Table 3 .lO resulted !:rom these 
estimates. 

tieight and activity measurements resulting fran Slot Tewa will ap­
pear :1n the final report. 

'·rei~t B.Ild activity distribution as a i'Unctian o£ Fticle-size 
renge is shcnm graphically for one Iacrosse sam.Ille and four Zuni samples 

TABlE 3.12 AC'tiVl'ri l'ER tn!IT AREA CF C(Jlml'ICtl 
SlFP .AOE F!P. G'C Allll lFC FWliEAD SAl· !PIES 

Site Simple,. Sample .Actin ~:r Su!plinp; Area Ac:tirtty Fer 11n1~ Area 
at lf50 11r at R•SO 11r 

lrft cHt/lllln tt2 lo9 dU/ahJ/tt2 
Able <FC !lid 124.0 2.73 45.4 

<FC aoae ~1.clu 0.17 2.73 0.06 
I7C total~ l24.l7 2.73 45.5 

raz: <FC IIUi 136.0 2.73 49.8 
<7C ~ ~1.cle• 1.12 2,73 0.4l 
G'C tot.al l8llp1.e 137.12 2.73 50.2 

Charlie I!'C 1aoole particle~ 0.0586 0.125 0.47 
IFC total I&IIJil- a & & 

e-rn• Il'C ~ particlN 0,0514 0.125 0,4l 
IFC total Sllllp].a. • a • 

•s.. tct. 

in Figures 3.46 to ).50. The Iacrosse sample '1-re.s obtained fran t.b$ tOP o! 
a truck ~va:~, ;.tdle the Zuni samples were obtained from gross fallout 
collectors. 

3. 6 EVOO:NATION CF INDIVliJUAL PARriCLES 

;3.6.1 Shot Lacrosse. The studies were aU made on tha sample o'f>.. 
ta.iMd fi'om the CBJ:IVas top of a truck cab on Site Gene. Figure 3.51 is 
a :r:hotomicrogt'S.}il o£ a portion o£ the 2l.D-t0o-!~c:ron size range. 
Five general tY.p!IS of particles wre found: 1) oplqlle coral; (2) trans­
lucent coral; (j) black, sintered particles; 4) transJSrent crystalline 
:particles; and (5) s:r:herical black pn'ticles. 

The i'ir~ two types gcme:t'IJ.J,g ~ctmze p;trticles o£ natural 
coral. 1-bst o£ the coral particles in the talJ.ou.t bad yellow am black 
spots on their surfaces. The black, sintered. particles vere ferromagnetic 
and gave a positive test !or iron 'With potassium !errocyazdde a.m: potas­
sium thiocyanate. The source of the iron nay have been the unusually 
large IUDOUnt o.r pipe ext.ending from end e.rOUIJd grOlUld zero. In rrl!nY cases 
the interior of these particles was coral. All slherical "black particles 
(Type 5) were black throughout. The tra.nspu"ent crystals gave a positive 
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chloride test With s:Uver nitrate. Bl,ep()lplrt.halein tests a1 particles 
of Trfes 1 ~ 2 ~~~ed s~--~1~~ ~~~- :thr~_Q\1.~ ~e .~§~­
iors~ However, effervescence 'With 1 U mtric S.Cld mli~t~ tha~ ~se 
~icles vera predominantlY, carbonat&. FurthE!rmore, the rulk _density 
of the fallout was 2.66 gj~ 1 Colllplred to 2.?0 to 2.?5 gf~ for natural 
coral sand. 

Table 3.13 lists the frequency of the five tn;es based on ex.a.m::ln&­
tion of· 42!J particles in the 21()..to-420..micron l"B.nge, Table 3.14 gives 

'l':rpe O.acrlpt.illl! l'requcCT 

pet 

1 OplqQa ocn1 74 
2 Trlzlllllcent CCI1'&l. 5 
3 Black llintlred 12 
4 Tl'CIIpuomt ~ 6 
5 SJi>cioal 3 

the frequency of black particles (Types 3 Bnd 5) as a fm1ction of ~ 
ticle size, based on a separate particle count. 

No nonradioactive :x::arlicles wre found :iJl this s8lllple. Ninety-five 
p3rcent . of the pu-ticles -were radioactive thr~ou:t. The 5 p3rcent hav-

Particle S1se ltamboZo af Pllrtialaoa Frequccr or 
Caazrt.ed Black l'l:rt.1al.l 

II pet 

44 to 74 549 20,8 
74 to lOS 590 26., 

lOS to l49 ffl 16.9 
l49 to 210 17.8 
210 to 4~0 671 15,8 

ing activity only on their surfaces were of coral. Individual black 
particles :iJl the 2lo-to-42o-micron range were, on the average, twice as 
radioactive as 'White p3.t'ticles, but in the agg;i.·egate, they contributed 
only 25 percent to the total activity' of the fraction, 

3.6.2 Shot Zuni, Three predol!tina.nt types of fallout plrlicles wre 
fOUild: (1) .op:lqU.e coral; (2) t ranslucent coral; and (3) yellow aJld mite 
s!=heres. The frequency of occurrence of each t1p3 and the raclioa.utograpbic 
results are gi.ven in Table 3 .. 1$~ It 'Will be noted tb.e.t most of' the radio-· 
active particles -were active tb:r~out. A survey of parl;icles smaller 
than l49 microns indicated that not more than l pn-cent \!ere spherical. 
IndiVidual s!berlcal p:u"ticles i'rOill the Bravo collector 1n the 210-to-42~ 
micron ra.nge lJere, on the average, 2.4 times as active as nonsiilerical 
particles and contributed 60 p3rcent of the total activity. 

45 



UNCLASSIFI 

The IAG-40 deck sample 'WB.S hea:vi~ agglomemted in the particle size 
region above 210 microns, These aggl~rates wre resistant to mcli.aniOal 
r;measure, rut the application of -water :re .. pid.ly 'broke them.- dowtn.ni.o· ·~-- · 
ticles of 50 microns or less, The resulting solution gave a strong test 
for chloride ion. 

Particles of Types 1 and. 2 appeared to be hOillOgeneaus mixt:u:res of 
Cn.ODJ and CaD r:n: Ca(mh. ~ey were generally f:ree of the yellow and 
brmm spots observed a.f'ter Shot Lacrosse. Ty.pe l :t:er'tiicles gave a posi­
tive test fr:n: chloride ion. 

The s);Xleres appeared to be CaO or Ca(CH)2, with a surface coatillg of ·. 
CaC9'J. After the samples had been stored. for several weeks, s};ileres ccW.d. 
no longer be found, The spheres that had been sectioned swelled and erupt­
ed out of the plastic mounts after several weeks, in SO!l2 cases cracking 
the plastic. In this form they wre a loose mass of tiny crystals. 

l!urp1.- Pl.rticle '1'7]ll ~ X~~ P~e,:ra! ~ .. ar llllllll>er a! 
Loc&t1C11 a!tJ'pa V~kth:Lty azrflce .uti'l'itr FarticlM 
&ad S!» ~ llot. Particle~ -'-ll!crt lVti.U.. CamW 

ii&D&'I 

" pot pot pot :Pot 
tob Oplq1la l,h 38 100 0 
149 to 210 ~oct 53 42 lOO 0 226 

spr:LCIJ. 1 lOO lOO 0 

Iob Oplqlll 60 56 9J. 6 
21Dto420 ~ 39 so lOO 0 460 

S;i>ciCIJ. l 100 lOO 0 

Iob Opaque 63 S8 l4 86 
420 to 840 Tnnll11oalt ~ 65 55 4S 345 

SjiiC'iCIJ. lO 90 85 15 

Bravo Oplque S3 95 95 5 
l49 to 2lD 'lml.l~t 4S 60 lOO 0 565 

SJharl.CIJ. 2 lOO 100 0 

Bl'svo Oplqui 63 73 fiT l3 
210 to 420 TNDI!hlc&at 3l 37 97 3 U99 

S,lil8r.I.CIJ. 6 lOO 94 2 

B:sYD Oplq1la 77 88 2 98 
420 to 840 tftullloct 17 34 eo 20 1\(t, 

spa.rta&l 6 95 lOO 0 

Chez' lie Oplqlll 75 S2 100 . 0 
l49 to 2lO Trllllluelat 2.4 37 lOO 0 'Y/5 

SP-ioal l 100 100 0 

Chclie Oplqllll S8 73 72 28 
2lD to 420 ~t 71 Sl. 98 2 lSS 

Ss:hc'1all 5 100 85 l5 

C!w'lie ~lDoclt 85 83 l3 ~ 
420 to 840 12 55 lOO 0 136 

S;i>c1a&l 3 lOO 100 0 

V.G-40 Opeqae 46 100 100 0 
l49 to 2lO ~l11cclt 36 100 lOO 0 612 

S}:ilc'1CIJ. 18 lOO lOO 0 

IAG-40 ~ 63 100 100 o. 
210 to 420 ~ 28 lOO 100 0 3~ 

Sjilm.CIJ. 9 100 lOO 0 

c se-cc•••••,·41••• 
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"' 
0..44 

44-74 
7.1,.-105 

105-il.9 
14~210 
2J.0..420 

o- s 
5-14 

10.. 22 
16-.32 
26- 40 
40.. 50 
4lr 74 
7.1,.-lOS 

105-149 
14~ 
21C>ol,20 

Ge11e Cllllft8 · 0.. 44 
4lr 74 
7J,.-10S 

105-149 
14~210 
210-420 
~ 

Tot&l Sal.1d 

'Tiw "'"""" tC'Il 1• • ...,.._ at the 1.nt«raal OCII8i.tc"T or the 
~18 prooedure u rel&W to !~ al.iquata. 

··· - -·· -- - ·--

Gerlo CmMU~ 0.. 44 
44-74 
7J,-10S 

10S.149 
14~210 
2lC>ol,20 
420oa40 

Tot&l Solid 

•. 11\----
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A !ew metallio-looking flakes, 'Which gave a strong test !or i:0111 
wre observed. ' · 

It should be noted -that "the YAG-;4:0 ·deck sample--ws--expo-sed "tlr-s; 
large voJ.l.q of :min before and after aessa.tion of fallcut am, ~~ 
to significant salt spray. 

The buJJt density oi' the sample oi' fallout fran the Bravo oollf;ctor 
was 2.17 pj~. 

3.6.) Shot Flathead. Three ty:pes of fallout -were i'OUXld: (l) brown 
l!DldJ (2) diScrete, solid particles; and (3) liquid. The brawn liUld ao­
counteQ. for IDDre than 99 percent o£ the total activity in the Able am 
Fax gross fallcru.t collectors. Very little liquid was collected. The :P!-t,.. 
tern of the ll!lld on the walls of the collectors has been described in Sec­
tion 3.5. The mud consisted of fine coral p!rl.iales, so.i.ium chloride, 
and a large q~antity of Fe20,, SUSp:!nded in water droplets abalt l or 2 mm 
in dia.!IIlter. This material was bard to remove after it had dried an the 
wlls of the collectors. Laboratory equipoent used in lWl.dling this mat­
erial was also difficult to decontaminate 1 and recovery p:!rsonnel hap. e:z!oo 
treme difficulty decontaminating their hands a:nd shoes, 

The discrete, solid p!rl.icles exhibited a vide variety of' types, but 
caeo, predo.millated. As ws pointed out a.bove, these particles did not 
contribute significantly to the activity. 

3.6.4 Shot ~Tavajo. Particles frau. the Charlie gross fallou.t. col­
lector ,-~ere examined: under the. Ddc:roscope. At least 80 or 90 pa:roent of 
them were fine crystals or Na.Cl which wre hygroscopic 8.tld tended to ag-e 
glomerate. Uost of the remin1ng pa'ticles wre CaCOJ. There wre sane 
small pieces or shiny !mltal, probabl:r aluminum scra:ped i'rom the collector 
during removal o:r the sample. llo iron ws detected. Since NeCl was ~ 
dominant, further stl.ldy oi' the pu-ticles ws not considered 'Will'tb.Wile. 

3 • 7 RADICCHEMI:S'l'R! 

· 3. 7 .l Shot Lacrosse. ~ the Wilma total fallout collector liBS 
vithlil th~ fallOUt area, and it collected op:cy a small sample. Hawver, 
a sample (designated 1'Wil:aa ground11 ) was scooped frau. the grcJWld at this 
location at e.ppr:codmate4' H+lO hours. Le.te on n+l four samples were ob­
tained .f'rom Gene. These consisted or three samples from the groum, Zich 
were combined and desi!:Ilated "Gene ground," and a s8Jll}lle from the cazrvas 
top of' o. ~~ cab (designated IIGene canvas"). 

(b) (3) 
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, UNCLASSIFIED ...... 

(b) (3) 

-----nm parti~sJ.ze ranges listed ill the tabJSs Should be regarded as· -
rough apprccd.ma.Mons. J!.Iicroscopic particle-size ~asurements were not 
available for this report. Experience 'With i'sllaut samples from past op­
erations has indicated that the average s.ize usually corresponds to the 
upper limit of the sieve range or calibrated Roller analyzer range. For 
atanda.rd sieves, the averages have sor:etimea been even higher. Measured 
sizes vr.i.ll be included in the final report. 

Standard deviatio11 has been used as the ~ecision index for all radio-
chemical data in this rePOrt. ·· · 

- --R-valu.esl bet;reen si-89, ~fo99, rJJl, Bal40, and CeJ44. will be pxe­
sen~ed_ in the final report. 

3. 7. 2 Shot Zuni. The radioche..'lti.cal fractionation data for Shot 
Z1ll1i are presented in Table 3.1?. The sample designated lrf.AG-40 Deck" 
was scooped f.rom three locations on top of the forwzu'd deckhouse of the 
YAG-40 ne3l' the foot of the ldngpost. The cloud sample Yas prepu-ed by 
Program Zl. by dry>-ashing filter paper. The figures in Table 3.18 -were 
calculated in the ~ ll¥l.mler as those in Table · 3 .16. The '-8elf-absorption 
errors in the percentage contributions were COnsiderably less significant, 
because the wights of thul'lll~g\ samples were lllllcb smal J er than for 
Shot U.crosse. ··· · -

(b) (3) 

(b) (3) 
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(b) (3) 

--when the IFNB-29 liquid satnp.l.G was received in the laboratory, it 
contained a S"CCSpension of CaCOJ. The two Jhases were separated to give 
the Ylnffi-29 liquid:_ SUS.P:l.n~-~~~-~- -~~-~ ~p:-rnate.~own__jJL .. .. 
Table J.m; Tlie.su:Pernate was basic to phenol:rhtha.lein and gave posi­
tive tests :for Na+ 1 Ca++ 1 cr 1 and S04•.. The large variation 'Within 
the ~29 sample is dis~sed in Section ~4"~ 

;Analyses !or Ca45, Sr~, Sr90, rJ3l, Sb-1-
1 

Sbl24
1 

Bal40, Ge144, 
Tal82, and Tall:!) are ill pro_gress a.t the .A:rrrq Chem:!.eal Center. 
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(b) (3) 

~~~~~~~~~~~====~--~~~~ eitilli1taa to l:lii · icdlri'ti VI'flh!li 25 percent. 

3.7 • .3 Shot Flathead, Radiochemi~ts fmp tbjs _ shot are Jdmn 
in Tabl~O and 3.~ 

(b) (3) 

. _ .l!he analysetfre:Ported shoW~ 
l - lor:en:::::-t-.a~g:re~eme~ntl!"""!:'be~t::we:::llthe Fa:t and Able mud, · · _ ... . _ , . 

. , 

3. 8 ~SORGE RESULTS 

Bas~surge detectors were installed at one or more .stations for Shots 
Zuni, Flathead, Navajo, and Tew. During Shot Zuni, the station on Oboe . I 
£ailed to receive the H-1 minute sigcal, li.rld the operation of ~ stations l 
on Fax and Gearge for Shot N&'Vajo was interrupted by' we.ter waves. The 
only complete record obta.i.D..ed ~-~Q!J!j_he ~_o.nl'_~ at_a..distanoe- --- ~­
or n,960··reet from -th8 -Fla.thead ground zero. The record Pid not shw .BliY 
indica~ the ~senco of base sa;:~ at this station. 

(b) (3) 
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Figure 3.7 Laboratory g8DJJ&-doae-rate-deca;r 
ourv~ o£ a llqui.d samp1.e £rom Shot Lacrosse. 
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Figure 3.19 Zuni aerial~ readings ·at 3 feet, 
corrected to H+l hour in r/hr. 

Figure 3.20 Flathead aerial stll'VeY readings at 3 feet, 
carreated to Htl hour in r/br. · 
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Figure 3.2.3 Navajo aerial~ readingzs at 3 i'eet, 
corrected to II+ l hour in r/br. 

Figure 3.24 Teva ae::Lal Wl!V87 readings at 3 feet, 
corrected to R+l hour 1n r/br • . 

... ;J}J CLA\ SSIF1E1? __ ._ 



. 
~ 

t a 
1&. 

-~ 
i 
'"' .. , 
~ 
c 

· ·- ... . ---- .. - ~-
0 

v v 
v • 

v v 
// 

I 
I 

I 
I 
I 

I 
100 zoo iiOO 400 100 100 

Probe Alt itude Above Ground , feet 

I 
0 v 

v v 
v v .v 

I 
I 

I 
I 

I I 
I 

I 
I 

I 
I 

I . . .. . ··-. , 
I ---l 100 :100 400 110C 

Probe Alfllude Above Ground 1 '"' 

IIOC TOO 

65 ....... 



[ 
I -, 
l 

c I 

!, .. 
"~ 

00 .s 
u : 
0 
<.) 

.. • ... 
l:' 
] 
u 
..: 

~2 

ell 

'! 
.!! 10 .. 
• 
2 • 
.. • t 
! 7 
c 

... 
<: 

"" ... 
E 

" • .. 
• ... 
~ 
~ 
u 
..: 

UNcLASS 

Figure 3.'Z'/ Aot:i.vit;r collected b;r 1--minut&-interval. 
collector a.t Site Oboe !or Slot Ztmi. 

.. 
Timt After Shot,rnlnutu 

Figure 3.28 Aaj;ivit;y collected-b;r $-ldnute-interral. 
coJJ.ector a.t Site W1ll.1am for Slot Zuni .. 

66 ----... 
rn \ ~ ' · · ·.. ·. ~~11' 1~lJ U.l!,~vlw.A_. _____ ---··· ___ . .. 

' I 
! 
! 
I 

I 
1 
·i 
I 
I 
I . : 
; 

i 

I .. ....... ~t 
i 
I 

I 
I 
! 



~ 
"; 

~ 

_____ )'~- , . ~ .. 
' . ) ' . ' -I 

"' .!it 
~ e 
0 

If) .. .. 

8 

4 

:~-

Time After Shot,hourt 

Figure 3.29 Activit,. collected by' 3().mfnute-interval 
collector at Site W:il.Jjmn for Sb.ot Zuni. 

~ lllllllllm~~~~~~~~~~~~~ 
~ 

0+---~--~~ ~~~~ 
i5 a'o t'o '5 lo Ts 

Time After Slt~t ,minutu 

Figure 3.30 Activit,. collected by 5--lil:in'IIte-interva.l 
collector s.t Site Yoke for tllot Zuni • 

...--
i . --- - ·- -- ·-·- · Ulv~6ibAS~lB ~~.u 



• a. 

c 
i 
' . ... 

• Q . 
~ : 
= .. 
! 
a. 
E 
0 
Cll .. .. ... 

s 

4 

3 

2 

~I 
·; 
;: 

~ 

0 

0 

7 

Timt After Shot ,hours 

Figtn"e .3.31 Activity collected by 3D-m:inute-interval 
collector at Site Yoke for Shot Z'lmi. 

5 io 
Time Af!tr Shot , rninutu 

Figure 3.32 Activity collected by ~interval 
collector at Site Cbni'liQ :for Shot Zuni. 

··-·- -

I 5 



·1 
t 

• 

"' .& 
il. 
11 
D 

en .. • ... 
... = " ~ 
C( 

CLASSIF 
c---------------- -----

6 T 
Tim~ AHtr Shot,hour1 

Figure 3..3:3 Activity collected by :3D-Illiltut&-interv.al 
collector at Site Charlie rar Shot Zuni. 

10 I I 

50·!-~---------------------------------------------~ 

40 

. 
f 
-=zo .. 
C( 

.! 
110 
0 

69 

1>-$ '"""'t• tFC Ito tor.""' 

•·3"0minuteiFC lntorvalt 

! 
I 

I 
--~--U~- ~~~tG~L~P~As~s~I~F~IE~D~~-· ----------~J 



:::1 
.E 120 E . 
~ 110 
;; 

. "'g 100 

~!10 .. 
£ ao 
"' " i 70 
E 
0 
U) 60 

zo _, 

10 

0 
0 

0 

0 

- ASSIFIED 

4 5 6 7 • t 
TiM After Sllot 1 houra 

Figure 3.35 Activity collected by 30..minute-interval 
collector at Site Charlie far ~ot Flathead. 

z . . ,.. - : ·e - .. -c ··- -- --r . -.---- ... .,. 
Timt Afltr Shot 1 hour a 

Firiure 3.36 Activity collElcted by .3()-ndn~interva.l 
collector at Site George for Sb.ot Flathead. 

?FBI-... I •· 
!. 1 'If '. ·/ '~ ~ _, -.- · 'bh"'. -; A£3IE' 1l-- ED-,-:i --------u-N - · - - ----

.• 

10 I I 

. ___ __.:~_ 

-- .. . ······-- -----------



• 

r 
I 

i 

. ~ 
I 
i 

10 

.. 
!: 40 .. 
~ 

u 

" 

025 

~20 
:;; 
" ~ 15 

t i 10 

UNCLASSIFIED 

8 9 
Time After Shot, houn 

.Figure .3.37 Sorvey reaCjngs of tape fallout monitor 
record from. Site George for Shot Flathead. 

~0 ~5 0 ~~ 
Time After Shot ,minutn 

Figq:re 3 .Je. Ac:t.ivity _cD.lle_cted~rml __ _ 
collector at Site- Charlie for Shot Navajo. 

71 

. • a' 4 • I \ 1 

u·.NCLA~SSIFIED;::__· _ _ _ 



.5 1.8. .. 
' • :a 

"' :! 
~ 1200 
u 

~ ... 
. 5 

~ 
J: 600 

14 

0 

0 

UNCLASSIFIED 
--. . . 

•. : 

- ··--.. -- -;-- ·-:---_-. ~ 

. - · ! 

Time After Shot, hours 

Figure .3 • .39 Activity collected by 30-l!dmrte·interval 
collector at Site Charlie tor _Shot Navajo. 

4 ~ ~ 7 • 
Tiru After Shot, hours 

Figure 3.40 Activity collected by 30-minute·int.nal 
collector at Site George £or Shot feva. 

···- URI 

~ r f\. f 1'] ASSlE~ l L~v- · · . __ v.J.. ·~_\ .• c~-L £.. ---- - - -------· ---··-·· .. . .. . 

f 

I 
i 

I 
I 

I 
t 

I . I 
I 

• I 
I 

! 

... 

I 

I 



I 
l 

i 
\ 

UNCLASSIFIED 

... .. 
i z. ... 
~ .. 
Ill n 

0 

li is .o 75 

Timt Afhr Shot ,m inutes 

. Figure 3.4l Activity collected by 5-minute-interval 
collector on mB-29 !or Slot Tewa. 
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Figttl:oe .3.42 Activity collected by 5-lidmrte-inte:rval 
collector at Site Yoke !ar Sb.ot Tew.. 
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60 
Time After Shot, minulu 

Figure 3~43 Activity collected by 5-rai.nute-interva.l 
collecrl;or at Site William. fgr Shot Taw. • 

• Time After Sho t , hour • 

Figure .3.44 Activity collected by 30.nd.mtbe-interval 
collector at. Site William for Shot Tewa. 
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Figure 3.45 Psttern f'armed in groa&oof'allaut collector by Flathead 
i'all011t, aZld WJ:rhmm angle at lhich it entered. 
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Figure ;3.46 W'ei~t and activit,. distrib\ltian far Gene Sample, Shot 
Lacrosse, f:fi,CXXJ feet :f'rom gr<Qld zero. · 
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Figure 3.47 Weight and activity distribrtion tar Yom sample, Slot 
Zuni, JJ,lOO teet 1'rcm grOimd zero. 
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Figure .3.48 Weight alld .aativity diStribution for Bravo sample, fhot 
ZUlli, 59,800 teet i'rQlll grOUlld zero. 
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Figure 3.50 W&i$bt aZld activit,' cliatri'batirm !or YAG-40 BUI.p1.e, Slot 
2D111 appraz:f.la~ 50 m:tl.el iMR· -~ zero. 
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'CHAPl'ER 4 

DIOOUSSION 

The field .ga.uma dose rate decey CUI"V'es shown in Figures 3.1 to 3.-5 
were constructed by fitting a straight line tp three points 'b1 inspec­
tion. The curves can only be expected to g:lve a good iDdication of the 
order of magnitude of the overall decay sloPe for the first 50 hem-s after 
detonation. The relativezy close agreement betwen the slopes of these 
field dose rate curves and the ear:cy slopes or the l.aboratory gamma dose 
rate decay curves, as shown 1.n Table 3.2, indicates that, for short time 
intervals, nornal weathering has little effect on contamination levels on 
the islands of the Pacific Proving Grcnmd. Alth~ a reduction of the 
contamination levels by the action of winds or w.ter should cause an ap­
parent increase in the rate of decay 1 the average field decay slope for 
Flathead w.s actually less than the slopes read from the first fev points 
of the laboratory ga.IlD18 dose rate decay curve for Flathead. Although 
small eonta.ndnation levels resulting from Zuni existed i.l:!mediate:cy prior 
to Flathead, correction for these "background" readings has no significant 
effect upon the overall decay slope due to Flathead contamination. The 
dose rate readings on the islands due to the )4-day-old Zuni conblDd.nar-o 
tion wre of the order of 150 to 200 "IIIr/br. The levels exist~ at about 
9 hours after Flathead were of the order of 101000 to 201000 'J!Jrfbr. lolhen 
all post-Flathead readings are corrected for the Zuni contamination, the 
average resulting decay slope is increased from 1.0 to 1.02. 

The extrel!Bly heavy rains vbicb. occurred on D+l day after Navajo 
and 'Wioh continued for nany hours did reduce the .contamine..tion levels 
reS'Ulting from this shot 1 as shown in Table 3. 7. Aprerent ganma decay 
slopes, based upon the ]).c1ay and D+l day readings ~' ve:q from -1.5 to 
-2.7 for an island sites surveyed except Bravo, 'lodlere the app!IJ.'ent slope 
based on these t'W'O points is -o.98. Most of the S\tl'face of Bravo iS Em­
tre'IIB:cy rook;r 1 'When compared to Sites Able through Hmr 1 -which have a sa:cdy 
surface. 

The sigoi!icance of the beta decay curves v.ill be discussed in the 
final report B.I"'ter a camplete BXIA:cysis of an data has been l!llde. 

4. 2 AERIAL SURVEY DATA 

During Shots Lacrosse am Mcbavk, emphasis 'W8S pl.aced upon obtaining 
dose rate readillgs near the craters. The high reatililg~~ obtained. in the 
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area ilm:al.iate~ around the Lacrosse crater, as shown :1n Figure 3.18, 
were calculated from srrrvey readings obtained on D+1 and D+2 days at lov · -­
tt-ae·; · 1'1:iese leVelS wre· obSemillli-·spi-re·or-tlie-narllia-Etlie :rleer- -· ··· ------------
aratmd the crater had been washed ever by at least tw_lligh tides before 
the readings were taken. The actual H +1 hour values close to the Ql'S.ter ' 
ma.y conceivably have been higher than those reported. 

Abnormally high re_adings1 simi.la:r to the one lilich gave an H+l hour 
dose rate of 57,C:IJO r/hr., were not observed for 8rrJ other plint. Ob­
servations made r:J'f a ground reeaveey party indicate that IDI!llY fa.il"ly 
large, eactremely radioactive, partially fused pieces of metal ware scat­
tered arcnmli the end of Yvonne tow.rd the crater. On one occasion, at a 
location were the general blckgraund was on the order oi' 200 mr/hi', the 
~ter reading very near one large piece of netal was an the order of 
'500 r/h:r. The one abnormally high reading shotm in the figure rrBy have 
been due to the pt'SSence of such mterial at · or near the }X>int at Wich 
the probe support touched the grotmd. This reading, therefore, is not. 
necessarily representative of the general dose rate reading near the 
crater lip. 

The results of the survey of the area near the Mohawk crater show 
consistent H+l hour dose rates of from 101000 to 131000 r/hr. These 
values are based upon readings taken over land areas .m.ich are not sub­
merged by tides and represent higher contamination levels than have been 
observed on previous ator.d.c 1-zeapon tests (Reference · 2). 

The aerial Sltt"Vey instrtlll¥3nt provided a practical means of dete~ 
mining the dose rates at ea.r:cy- t:il!les f:or specific points on the surface. 

4.3 VAR!ATI(]l OF GAl-lHA DOSE RATE w.rm HEICHT ABOVE SURFACE 

An attempt to determine air-to-ground gamma dose rate conversion 
factors following Shot Lacrosse did not give maaningful results, because 
the requirements for a fairly uniform radiation field, a relatively high 
level. of contamination, and a lar&e surface area over \hich the measm-e­
~~ents wre to be taken were not satisfied. }. suitable island, meeting all 
requil'enents, could not be found. Observations made on Yvonne shmred :ill­
stances where the readings in the helicopter wre hi~er than the probe 
reading at the 3-foot level directly beneath. This situation can exist 
'Where exceptionally steep gradients occur in the contamination field on 
the surface. In such cases, attempts to convert readings at the heli­
copter position to readings at the surface are meaningless. 

The a.i.I'-to-ground conversion factors obtained for Shots Zuni and 
Flathead are based upon msasurenents nade over the Cherokee target area 
on Site Charlie. The 'Width of the island at this point is approxi.Inately 
21 000 feet1 and the surface dose rates were reasonab:cy uniform. The 
Zuni and FJathead results are compared with those from Shot 7 of ap,ra­
tion TEAP01' (Reference ll) and with theoretical curves (Reference 19) in 
Figure 4.1. The lack .of .agree~mnt. betwen the. Flathead .and Zuni -CUJ:'Vd 

is most likely due to variation in the spectra of the contamination with 
time or . with weapon. 
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4.4 TIME CF .ABRIVAL,_ RATE, AND DURA!!ON CF FALLCXJT 
' 

The parlod. during Vlhich signi!ica.nt fallout ws collected and the 
tilile at Wieh the JJ8XLmUill rate o! fallout occurred are Summa.rlzed fit ·· 
Table 4.1 far all allots in vniich tiJ:ne...increnental samples wre collected. 
Also included in the table are the times at 'Which the dose rate reached 

Shot stlst1Qil 

Zlmi Oba. 
lll.lliu 
Yob 

. Cbilrlie 

Pletlleld O.CII'p 
Charlie 

l!a•.lo Charlie 

T- Gearp 
lFllS-29 
Iob 
llill.1&a 

'UBII 4.~ _.IP!,!! ~.=in .A!lD lllJIIUial 
(I' SI ....... ......,.. p JIJJm 

llillt&na. Frc:a Int.nll lllr1.Dg 11h1ch Tille ot~ 
OrCIIIldZero hll.OIIt Ooourred Ra.te ot l'alll:iut 

hell IPOie 

rt. Jib 

16,000 16 llbl to >22 m 19 to 20 
35,000 l5Jdnto 2.5b:r 25 to 30 
JJ,ooo 30 1lli.D to l.Sb:r 35 to 40 
78,000 J.DIII.nto Mh:r as to 90 

l5•0SC! <30m to >10 h:r 90 to 120 
36,780 <)0 J:dn to >10 h:r 90 to 120 

3?,?90 '0 lllln to 2 h:r 45 to ,0 

31,690 30 lld.ll to 4.5 hr lSC to 1.80 
41,400 25 lllln to ,.ll.O llll.n 50 to 75 
56,'40 35 lll.n to >UO llll.n 65 to 70 
59,400 30m to 4.5 b:r lSO to lSO 

Tillie a.t lll1d:l DCH 
lla.te WI~ 
!'r-ca Pro3ect 2.2 

Jib 

J.D 

so 

ita mThmzm va:we, as determined bt the inject 2.2 residual dOH rate 
recorder. 

4.5 "WEI(}{T AND ACTimY <F 'lHE FALLOOI' SAMPIES 

The activity ooncentl'Sotions of the fallout !rom both Shots Lacrosse 
and Zuni wre higher at the distant stations than at the relatively 
close-in stations. Table 3.11 shows that the activity per unit wight 
of the Zuni sample collected on the YAG-40 at a distance of approx:ilmttely 
50 miles t-re.s much larger than rar samples collected within the a.raa ·of 
the atoll. A C(lllpl.l'ison of the wei~t and activity distributions far 
the YAG--40 samples and the island samples shown in Figures 3.46 through 
3. 50 indicate that the distant sam.ples had a much smller parcentage oi' 
particles in the larger size re.nges. 

The p:obl.ems encountered in obtaining representative samples !rom 
the Flathead and Navajo barge shots and in recovering the active nateri­
el from the collectors SUggest that large !re.ctions of the activity 
reached the surface as liquid droplets. Although some dry' solid nateri­
a.l was collected a£ter each of these shots 1 the greater portion of the 
activity ws associated with a -wet slurry or -was observed on collecting 
surfaces Wich, in some instances, shO'tred SI!Bll spots Vl.ere liquid drop-
let~L ~- i. 'ied. _ . 

A COlli. !'ison of the weight or partic~size distribution of the 
solid portio:• oi' the !allout with its activity or 'With the total activ­
ity collected is of doubtrul value. 

The data an the samples !rom the mternd.ttent faJlout collectors Oil 

Charlie and George during Shot FlAthead are included in Table .3 .10 far 
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purposes or com.}m'ison only. The activity per unit a.rea _o£ ool;!.ect~g 
surface for the loose particles in these collectors is of the same order 
o£ xnagni-tude as for t1re -same type or- j;jiff!Cleif ill tne gross-ral!mirool- --­
lectors. 

:rhe influence of the surface wind speed on the angle o! incidence 
of small droplets or particles and the effectiveness of tilting the col­
lecting surface so that it is appraximately normal to the Jit!.th of the 
f's.llaut vas established in the Navajo test. A semiquanti ts.ti ve com~­
son of the amounts of fallout activity collected in the tilted and ho:ri­
zontal collectors ai'ter the Navajo 'barge shot showed that several tims 
as much activity w.s collected by the instrument \4lich w.s tilted and 
turned into the wind as by the one \bich w.s left in the usual horiz.onts.l 
position. A more precise comp!rlson will appear in the fil:lal report after 
all analyses have been completed. Although this procedure 'WB.s eff'ective 
in collecting wt fa:Ilou.t, 'Which adheres to the surface of the point of 
im:t:action, larger dry particles may not be collected efficiently in this 
'WB.Y". It should be pointed out that tilting a collecting S1lrl:ace so that 
it is turned into the surface v.ind is relative~ simple at the Pacif'ic 
Proving Grotmds, where the surface vind direction remains fairly constant. 

4.6 RADIO:::mncAL AND INDIVIDUAL PARl'ICLE EIA.MrNATION 

Since the coral rsrticles in the fallaa.t fran Shots Lacrosse and 
Zuni were generallJ' homogeneous mixtures of CsCD_3 and CaO or Ca(CH}2 and 
looked similar to natural coral, they could not have resulted from vapol'­
ization in the fireball and subsequent condensation. (The CaO or Ca(CH)2 
can be explained by calcination at temt:eratures below the ~Elting point). 
Nevertheless, most of these particles were radioactive thraa.ghout their 
volullles. The most plausible explanation for this result is that these 
particles 'Were contaminated by contact with radioactive liquid. The 
feasibility of this process ws tested by treatment of natural coral~ 
ticles with Lacrosse liquid fallout, with the result that some of these 
particles became radioactive throughout. It is more di!ricult to ascet­
tain whether this process occurred in the cloud or on the ground, 'but the 
dry appearance of the Gene C8llvas sample end the fact that the Charlie 
gross fallout collector collected no liquid suggest that the process 
probably occurred in the cloud. 

The suspension o! CaCD,3 in the Zuni mrs-29 liquid sample (see Se~ 
tion 3.7.2) evident:cy resulted from the action of atmoSJheric 0"2 on 
Ca(CHh in the solution. A s:ilnilar e:ffect ..as observed following the 
IVY W ke sbot .. 

(b) (3) 
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(b) (3) 

- Since the 2l.o-to--42(}.micron size range (in 'loltich the aatirtty of the 
blaok :r;articles was measured) made up 87 J::ercent of the lacrosse fallout 
activity, 25 J::ercent contribution of the black particles to the total 
activity can be considered to be a.pprax:tmately correct for the lacrosse 
fallout, in general. 

The s~erical p!.l'ticles in the Zuni fallout \l'ei"e probably condensed 
from fireball material. as CaO, and the subsequent action of moisture and 
atmos}ileric c~ produced the observed carbonate shell. F1lrther action or 
C~ wuld. accOllnt for the eventual disintegration of these pll'ticles. 

It was pointed out in Section 3.6.2 that the fallout scooped fran 
the deok of the YA~O ws hea~ agglomara.ted in the higher s:Lze 
ranges and that water broke U}' the agglomarates into a SUSJ;ension of fine 
particles (50 microns or less} in a NaCl solution. The obvious conclu­
sion is that the· agglomaration \IS.S caused by sa.lt spray. 

It was anticipated that the significant fallout from 'W&tel"-suri'ace 
shots would be liquid. It lms therefore surprising to find little liquid 
in the Flathead samples. Instead; the avenmelming majority of the a()oo 
tivity appeared in an aqueous slurry of NaCl crystals, Fe2~ pt.rlicles, 
and fine CaCOJ particles. The Fe20_3 most lilrely came fran the •ge it-­
sell'. The CaC03 probably resulted fl'om. the 200 tons of coral ballast on 
the barge. .Alth~ one would ex:pact this materie.l to result in Ca.O or 
Ca(CH).2 pn'ticles, the pn'tioles found -were smll enough that they mtght 
have been readiJy converted to the carbonate. The NaCl, originating rron 
sea wter 1 'Il11Y' h!Ne been in solution 'When it fell out and crystallized 
because of evaporation. The large, discrete, CaC0;3 pu-ticles found in 
the intermittent collectors and in the apices of the gross collectors 
are more difficult to explain. The virtual absence of Ca(cH)2 in these 
plrlic:les and their law activity obviate their having been incOl'pOra.ted 
in the fireball, as 'loTOUl.d have been the case 1-dt.h the ballast coral. A 
possible explanation may be that these FUticles originated i'rom the 
noor oi' the lagoon, ,m.ence they were drawn up !!eche.uically into tile 
col'll!tD'l. oi' the cloud. The presence of more solid nnterial in Shot Flat,. 
head than in the CASTLE barge shots upon '1-hlch the ~ctations uere 
wea, nny oe e:Xplaiiied cy"T.Tie -~trvery hlgn yieldS: or the-litter, 
l-lhich wuld CS.W3_fUd~ _ Q.isnersian of bare:e material. 

(b) (3) 
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J"li'OI-Tever, since 1 t has been shaliii in Bectiem ;3 :r 
""""""'IZ""a""t-.th~e-=-m..,•..:.,e•l'lilf:=rr.ttt-:en:::t collectors did not collect the moat significant 

type of Flathead fallout material (viz, the brown nmd), the IFC redio­
cllem:i.cal results cannot be considered representative o! the true :f'allout. 
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CHAPl'Im 5 

COOIDSIONS AUD lll!l::Cl-lMENDA:riCfiS 

The tentative conclusions I!'esentad in this report are baaed upon 
a pL'eJjrrdnary evalllation of the data, . They may be changed u:pon i'urther 
analysis of the present data or upon the developm!nt of: additional data 
at the laboratory, 

Data i'rom other pL'Ojecte will be required before conclusions can be 
drawn on Objectives 2 and 3. 

5.1 CONCID'SIONS 

1. The Cherokee air burst did not pL'oduce sigoifics.nt :f'allau.t in 
the Bikini Atoll. · 

2. The early field ~ose-rate decay for i'aJlaut-ccmtaminated 
isla.ucls in the Pacific Proving Gratmd is not significantly affected by 
the usual conditions of rdnd and rain. H011ever1 extrenely heavy rains 
le.sting for several hours will, in the case .of wateJ.-surface shots, in­
crease the apparent rate of field ~ decay, 

3. :ihe aerial survey instNOOnt usecl by this project provides a 
practical 112ans of determining precise contamination levelS at su:rface 
locations in high radiation fields, 

4. The IIIIX3nnnn radiation dose rates observed on the gL"OUDd near 
the Lacrosse and Mohawk craters were higher than those reported after 
any previous nuclear detonation, 

5. The activity Jal' unit wight of fa.llaut resulting from land­
surface bursts is higher at distant stations than at relatively .close--in 
stations. 

6. For wateJ.-sur:Cace shots, i'allout-sa.mplillg devices different 
from those used are requil'ed to collect Da8Jling:f')ll samples. 

7. Sevent;r-i'ive Jal'cent oi' the Lacrosse i'allout activity ws con­
tributed by partially calcined coral particles lhlch became contamin­
ated throughout by aontact \lith radioactive liquid. 

8. Twenty-five percent of the Lacrosse i'allout activity ws con­
tributed. by sintered1 blank ;garticles Wich conta.1pei! 5rcmu 

(b) (3) 
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JJ. AllllOst an-or the :rarraut actiVity "from -Shot Fl.at.heiid w.s··a&:· --- ­
sociatecl with a brown mud. 

5. 2 rol:CM'£ND.ATIONS 

There are no recouuendations at this time. 
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A.l INTERMITTENT FALLOUT COI.m:::TCR 

The inte!'!llittent fallout collector (IFC) is a modification of the 
collector used during Operations IVY, CASI'LE, and TEAPOr (References ~, 
91 and 11). It consists of a circular steel 'tub, 40 :inches in diameter 
and 24 :inches in height; a circular disc or spider, divided :i.llto 24 see>­
tors; a driving and timing mech.a.n:ism; and a pouer supply. Twent;y-tw 
triangular sampling trays, each 3 3/B by 10 by 3/4 inches deep, are 
placed into the seotors. The first and last sector are left empty. Qle 
tray at a t:il!le is exposed to bass surge or fallout or both through ·an 
op:ming the size of the sampling tray in the top cover. A door covero 
the sampling opening both before the initial and after the final sam­
pling time. 

The instrtll!ent is started by an external timing signal. A self­
contained interval clock timer controls a mechanism 'lilich llm"88 the trays 
into s&upllng position • . Succeeding trays move :into position under the 
cover opening at set time :intervals 1mtil the cycle is completed, a:rter · 
t<lb.ich the door closes and the naahine shuts itself off. Two views of the 
intermittent i'allottt collector are shown in Figures A.l and .!.2. 

A.2 GROS3-F.ALLOI1.r COimJTCR 

The gross-fallout collector is composed of a metal support !ram­
work and a conioa.lliller 'With a door covering the opelling. The liner 
has an opening at¥a:x::i.mll.tely 2 feet in diameter at the top. In the bot­
tom of the co.1e1 \hich is 5 inches in di8.1:00ter, is a sta.illless-steel 
filter. There is a aiMll hose below this going to a polyethylene bottle. 
Figure A • .3 shows the collector with the door op:m, am Figure A.4 shows 
the device with the door closed. 

The door opens and closes with a sJiding action. It has a notched 
strip rack an its top and is driven by a :?_4,-.volt direct-current motor 
through a chain-and-gear drive system. The sliding motion of th~ door 
is stopped. tmen the door trips a mic:roswitch at either the full-open or 
the i'ull~losed. pos-i-t:ion • . 

~e control system cOllBists of a power relay !or the control eil'­
aaitl7, a power rela1 for the motor, a reversing relay for the armature, 
and a tlllling system composed of' a direct-current motor ancl a preset 
register. The control system is actuated by the closing of a relay in 
a.n Edgerton, Germeshausen, and Griar, Inc. (Er&G) blue bas: at the tim 
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Figure A.l Interm:l.ttent fallou.t collector with 
cover open, UltpOSing collecting trays. 

Figure A.2 Interm:J.ttent i'all~t collector vlth 
door closed, 
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Figure A~) G::ross fe.llout collector 
with door open. 

Figure A.4 Gross fallout collector 
closed. 
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of the detonation, The motor imr.ediate:cy opens the door 1mtil it closes 
the microsvitch, ,.lhich applies 'l.4 volts -te the -motol"-f-ield- -end.,-a'b--~e 
same t1me1 shorts the armature, Tllis $tops the motor lo'ith .less than 
l/2 inch ot sprocket travel. At the and o:r ll hours, the tilller actuates 
the circuit, and the reversing relay is de-energized.. The IliOtor then 
closes the door until it contacts the other microswitch, 

During recovery, the door is opened nanuaJ.l1 1 and a cover is put on 
the cone liner. After the hose is disconnected, the cone liner ~the 
bottle are removed .from the gross collector and transported to the laD­
oratory area, 

A.:3 BASE-SURGE DE:rECTOR 

The base-surge detector consists of a sealed-beam light, thoto­
volta1c cell, tiD', inverter, and l:atteries, The Ibotovoltaic cell and 
the sealed-bewn light source a.re ple.ced :3 feet abave the f&,t'ound. ll.lld 10 
feet a);&'t inside heavy brass holders lhlch are mounted on 4-inch pt:pes 
embedded. in concrete blocks at the grou:nd SUl't'ace (Figure A,;). 

As soon as the timing signal is received, }X7W1" is supplled from the 
batteries to the sealed-"beam spotlight (6 volts) t the ATR inverlier (12 
volts) and to the J/:30o!rpn local t~r (12 volts). 

Light f:rc:m the sealed-beam lamp is i'oaased em a G. E. N-10 photo­
voltaic cell located 10 feet awe..,. 

The ATR inverter supplies 110 volts of alternating current to a 
Brown electrOilic recorder. As socm_ as the pawer is turned on, the chart 
in the recorder starts, However, the electronic com:poneDtS require ap-
prcxx::!.matel:y 20 seconds warm up be!ore proper functioning. · 

When the base surge a.rri ves 1 light from the spotlight is attenuated, 
the signal from the lV-J.O is reduced., and the recorder pen is defiected, 
indicating the time of arrival at the base surge at the station. 

The i/.30-rpn timer disconnects the equipnent at the end at .30 lldn­
utes. 

A.4 TAH: FALLOUl' MONITeR 

The tape fallout monitor is .an intermittent fallout collector using 
adhesive tape for the sampling s'!It"face, The sampling surfaces are changed 
by pulling the tape thro-.1gh the collector with a 24-volt direct-circuit 
motor. The tape feeds from its supply reel ~er e. roller, under the s~ 
pling port in the cover, aver another roller, and onto the poweMrj.ven 
take-up reel. There is another supply reel \lhich contains a roll of 
Saranw.rap, The Saran1o1ra.p covers the surface of the tape after the fall• 
out has collected. The instl'Ulll3nt is tUted slightly', so tha.t water will 
drain of! the tape. Tlle water is collected in a JlGI.l,yethylene bottle. 

The .ccm.trol -cUcuitl!,Y'- consists- Qf- --a- power-relay,----'bvo---t:bners--; -tvo- · - · 
switching relays, and a register with the shutoff s'Witch. Also in the 
collector is a microsvi.tch operated by a screw on the side of the first 
roller. The circuit is actuated by the closing switch in an EG&G blue 
box at the time of detonation. The motor is energized until the ta:pe has 
turned the first roller fa.r enough to close the microswitch. This switch 
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disconnects the power i'rOill the motor. The swit~s ill. the timers roo­
activate the motor relay each time they close. The £irst timer cl~G ... 
its switch every' 2-1llinutes'i theraoy T.aklfig-.30sampl.est:he-·r:trst hour. 
Xhen the second timer disconne.cts the i'irst timer, cbanging the a8Jii.PljJlg· 
times to an hour each, and the in.Strummt continues to opel'$te for a 
total oi' 48 hours. There is a solenoid in the instrwlent 'Whioll operates 
a ball-point pen on the te.p3 so that each sampling area is marked. 

The entire inSti'Illl¥3l1t · is reCC1'1ered from tbe field and the bottle 
and tape are removed for cotmt:ing. 

A. 5 DISrA.NT F.ALLOOT SX.ATICIM 

The distant fallout station consists of a total fallout collector, 
tw dust samplers-and a tape fallout monitor. 

The total ·fallout collector is a "Wooden baz:1 4 feet square~ covered 
by a manually operated ·sliding door. The inside oi' the bOX is lined 'With 
cloth covered by a.J.um:i.mlm i'oil. This liner collects the sample a.nd is 
changed each time the bax is used. · 

Th~ dust samplers are motOl'-'driven blowers \hlch d.rav the air &:ld 
dust in the air throu~ filter :taper. 

The tape monitor is essentially the same as previous~ described, 
except that it is modified to collect hourly samples anJ.y. 

The equipn.ent is manually slolitched on and the bale opens wen a~ 
tivity starts to fall. It operates for a peri.cxl of 24 hours, at 'lohlch 
time the box is mnus.lly closed a:od the equipnent switched off. 

A.6 AERIAL SURVEY EQUIH-!Elfr 

The aerial survey equipnent consists of a radiation detector matmted 
in a :J;n"Obe \dlich can be lowered from a helicopter by neans of a special 
cable am a powered reel. Figure A.6 show the probe, tripod, mater, am 
control · pmel and Figure A. 7, the control p:ulel and 'Winding ~chanism. in­
stalled in an H-19 heli~J?ter. The detector is v.ired through the special 
cable (four caruiuotor1 JIS.incb. outside diamster) to a llleter and control 
pmel inside -the helicopter. A III8Xiimml of 21000 feet o£ cable is car­
ried em the reel, eoabling the helicopter to hover in the air 1 lOW'el' the 
probe to the ground, and obtain direct ground r&adings withcnrt. exposing 
personnel to the tull intensity of the grOUlld radiation. 

Each direct ground reading is taken with the detector l!IOimted in a 
probe with a. tripod :t'ra.l:n8. The :J;n"Obe is designed to protect the deteetar 
chamber from mechanioal abuse, am the tripod (which is collapsi ble to 
i'a.cill.tate handling 8Zld storage) holds the detector 3 feet above the 
ground oilile the readings are being taken. 

The radiation detector is a. 'Efurvey meter, Jordan Model AGB-lOK:-SR, 
liiOdified far use with the special cable and reel system. This meter uses 
a metal-shelled -i~tion-ellamber -of -the -~l4bit~-type. · se&1BCI-m;.­
side is a subml.l:liat1ll'e tube in 10 atmstheres of pn<e argon. A relativacy 
highoooutpnt current from the c:halnber naws direct4" to the indicating 
:mter, el.imi.Dating the need for comp:\.G circuitry. The response is lo~ 
a.rithmic, which -.kes possible the vide range of 0.01 mr/h:r to 10;000 r/hr 
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Figure A.5 Project 2.65 base-surge station 
on Oboe • 

Figure A.6 TriJXXl 'With probe and control 
pmel of aerial ~ey instruiOOnt. 
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Figur$ A. 7 Aerial surva1 instrw.nt inatalled in helicopter. 
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on the outside of the steel chil.Di.ber shell and an aluminuln secondary emit-
ter op the inside • 

The reel, mounted ll1 an aluminum frame, .ris operated by a 24t-volt j 
direc~t motor powered by the helicopter r s electrical system. The 
motor is reversiqle, and its speed-control system inccrporates d.jrnamie 
braking, enabling the reel operator to lif't or lower the probe at a.cy 
s;peed. up to 500 feet per minute. There is an emergency brake on the 
reel and a level-wind mechanism to prevent the cable from fouling. A 
cO'tlilter is used to indicate the length of cable reeled ·out. 

The aerial S'U.'I"V9Y instrument is designed as a portable unit, weigh­
ing apprCXld.mately 150 pounds. Installation in the helic9pter involves 
strapping the unit to the noor and making a connection to the helicopter'f! 
electrical system., 

In addition to the helicopter llil.ots, a. crev of two is required to 
operate the aerial survey :iJlstl'U!OOnt a.nd lll01li tor the helicopter. A sep­
arate Surv'ey meter, J~ Hodel AGI>-lOK-SR, is used to monitor the ill"' 
side of the helioopter cluring each mission. 

In use, the probe is lowered through the side door of the H-19 hell• 
copter as it hovers n'bave a checkpoint on the ground. 'When the tripod 
is on the graund, a reading is taken, the operator then reels in suffi­
cient cable to clear obstructions, aiXl the helicopter maves to the next 
checkpoint, 'llhere the procedure is repeated. 

Another use of the aerial-survey instl'Um3nt is to study air atten­
uation of the gamma radiation from fallout naterial on the gr01llld. Data 
is obtained by the raising of the probe and taking or read:ings at various 
altitudes above an initial point an the ground. Far this work the ill­
strument is equi~ with a. counter illdicating the ll'UJllber of feet of cable 
S\Uipmded !rom the helicopter and an altillleter accu:rate to ± lO feet. 

A. 7 AERIAL SURVEY MEm:R CALIBRATION ffiCCEDURES 

Thrau.gb.out Operation REDlm~G, the aerial rrurvey :tmter (ASU) was cal­
ibrated. against a !mown source or co60. co60 ws chosen because of its 
availability a.nd because its gamma energy levels (1.17 Mev and 1.).3 :Hev) 
fall vith:Ul the nat-response region of the lord.a.n insti'UI!8lt. (The 
response of the ,T ard.an ionization chamber is essentia~ inde~ndent of 
the energy of the ~ radiation from 80 kev to 1.3 Nev. The response 
drops off s~ below 70 kev.) 

Arrangements wre Jrede to use the Project 2.1 coJ.lint!.ted. scrorce of 
co60 on Site EJJrwo. This source gave eheckpoints from 100 "'II!'/hr to 50 
r/hr. ill except a fe~r of the ASH reacU.ngs fall vithin this range, 

For Mohawk, idlere very high readings t-rere exJ:ected, an qdditional 
cal,ib~'!;,i!:l!l, 'WSS J!iMle. ~gai.ns,t tl:le ~oject. 2..l-21l .s0Ul!ce--o.£ CG-oo,-wioh 
gave checkpoints i'roll1 50 r/hr to 51000 r/hr. This source was not nvau­
able wen the high readings were taken on the Lacrosse crater survey. 

The calibration procedure far Lacrosse and Z'lmi l·la.S to adjust the 
ins~Z1t following the standard calibration procedure described in the 
J'ordan literature, placing an oJXm beta window over the built-in Sr90 
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source, After the instrument we.s adjuated, the beta window was .closed 
and a calibration CUM"e li2S nm against the colaimated-e~D -source -by · 
the placing of the chamber in known close rates and plotting neter read­
ings versus know dose. rates, This curve 1SS then used to correct sub­
sequent survey readings. The advantage of this procedure was that a 
calibration could be obtained in the field by using the built-in Sr90 
source, However, tbis procedure w.s found unsatisfactory 8.IlCl was not 
used after Zuni, because the intensity of the bu:Ut-in Sr90 source is so 
law that evan a slight amount of contamination on the chamber rendered 
the source useless for callbration p.li'poses. Like\dse, a high ba.cko­
ground1 such as the level on Site llan after Shot Zuni, had the s~ ef­
fect, . 

Af'ter Zuni1 the calibration procedure did not mke use of the built­
in Sr90 source. Instead, the ~trument '\oli!.S adjusted by the use of know 
intensities on the coll:i.llated r.o 0 source. The chamber was then plAced 
in knovm dose rates from. 100 mr/trr to 50 r/b:r am a. calibration curve 
dra1-m up of meter rea.d:i.il.gs versus radiation field. A typical curve is 
shown in Figure A.e. 

~1is calibration procedure 1-Ja.S follovred before ea.Ch shot, and the 
calibration curve w.s used to con-ect all mrrvey readings for the shot. 
I:lo inst:t"'llmnt adjustll9nts -were touched during this time, After these 
surveys -were made, another calibration CUl'Ve vre.s run before any instru­
ment adjustments were nade. The calibration curves run before and after 
the shots showed no appreciable deviation, thus aasuring the accuracy of 
the corrected survey readings, 

Stability tests "Wel'8 made on the A~H, and it ws determined that 
there -was no appreciable drift \-men the instrument lo8S used interllli.ttent­
ly' over a. 13o-rweek period. These tests also showed that a 10-Iilinute Ul.l"tll­

up perioi \JaS sufficient ant t hat there was no appreciable d.rif:t 'When 
the meter 'WilS left on continuous~ for a perioi of 2 hours, the awad.­
mate time of an atoll survey, 
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.Al!ALYTICAL PROOEDURES 

D.l .!W.LYSIS CF BETA ACTIVITY :ffiR tJNrr 'WEICHT 

Beta activities wre determined by :placing wighed portioru: of the 
samples in stainless-steel counting cups and counting ;lith Tracarlab G-11 
tubes having window thicllnesses of less than 2 mr/ em. • The tubes wre 
mounted in vertical lead shields 1 Technical Associates MOO.el AL J4!, ~v­
i.ng a wall thickness of 2 inches of lead, 0.25 inches of brass, Btld 0.25 
inches o1' al'UIIlinUlll. A geometcy-oclei'ining brass plate was :inserted bet"Ween 
the G-M tube and the sample (Reference 20). The outr:ut of the tubes ws 
fed into scalers, Atomic Il;l.strument Com~ Model 1060, ha"Jing a char­
acteristic resolving time of 5 ~sec. 

The sa.rxples wre counted for activity in the following mnner: 
Salllples 'With activities greater than 1,000 cO'lmts/min rrere counted for 
10,000 total counts; samples 'With activities less than 1,000 coucts/mtn 
were counted for 10 minutes. Ea.ch sample ms counted twice; in cases 
'Where the two counts did not agree 'Within one standard deviation, a third 
count ws taken and. the three ccrunts averaged. 

It ;m.s necessary to apply several corrections in order to appraxi­
mte the actual disintegration rate of the samples. The method JllOSt com­
:monly used to obtain disintegration rata of a sample is to compare the 
sample under consideration with a l:::nown source, counted in an identical 
I!ISJUler. However, there is no one lmo1m source 'Which represents fission 
products containing nnny different isotopes. The procedure used here 
evaluated the various coJ:Tection factors in terms of the sample itsel! 
and, thus, avoided the errors associated with a direct comparison with a 
single isotope standard. The procedure is outlined as follOW's: 

1. The readings were corrected for coincidence loss (Reference 21) • 
2. The counts wre corrected for georaetry, ~~ defined as the pel"­

cent of solid angle subtended bs the sensitive vol• of the G-M tube, 
by a factor obtained using the first three terms of the Blachma.n series 
(Reference 22). Succeeding terms of this series are insignificant and 
wre not used in this correction. 

3. Back.-sca.ttering determination, fb, 'll!l.S made by placing sDJ3ll 
amount& of the samples under consideration en rubber eyd:rochloricle mounts 
and counting them with this arrangement, which alm.ost completely elilni• 
na.ted scattering. The same sample then had. a stainless-steel bottom 
placed under it and a stainless-steel ring1 to si.lm.tla.te the sides of a 
cup, placed arO'tllld it. It V<lS again counted in this arrangement, aJJd the 
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following factor was obtained: 

coUnt of sa.iiiPi8 on :riim 
fb: . . . .. ... . 

count of sample in simulated cup 
{B.il 

Such determilla.tions are dependent on time ana., therefore, apply ,olicy' a.t 
the tw of determination. For this reason, thiD correction factor w.s 
obtained at the apprax::l.lllate t:i.Ioo the samples were counted. 

4. J. correction w.s ~ for absorption bj•: the air bet-ween the 
sample and the tube window and by the tube vindOW' itself {Rei'erence 23). 
To obtain 'this correction, precise mica,...absorption curves wre run em 
samples i'rom each shot. A correction factor, i'w, 'WaS calculated from 
the equation: 

l'l.l. -ut 
f :--ll-:e 
v N 

0 

1·n1ere: t = !l·he thickness of material between source and 
s ensi ti ve voll.l.IOO a:cpressed in rngf crm.2. 

nt = Corrected counting rate observed vith thickness 
t between the source and sensitive volume. 

N0 : True beta ccnmting rate at zero thickness. 
u : The mass absorption coefficient iD. r:::m.2/mg. 

:.!ln~ 
t llt+A t 

'Where: nt+A t = Count:Ulg rate at thickness t + A t. 

(B.2) 

This method assumes that the effective range distribution of the beta 
pu-ticles extrapolated to zero range is an exponential having the s~ 
slope '1-lhen plotted on semilog !X\F as the slope of the ~ed portion 
of the absorption curve. 

5. Self-a.bso...,.tion and self-scattering corrections for the saJ!lilles 
in question 'Wel'e considered ne~gible, since the wei~t :per 'lmi t area 
was. kept to less than 10 mg/ em?·. 

According to Ctlryell and Su,"'l.l'man, for a radioactive beta sample 
'With a wight per unit area. bet\zeen 5 a.nd lO -mg/errl- Md in .mieh the 
:naxinnnn energy of all illdividual emitters are greater than 0.4 Mev, the 
self-absorption self-scattering correction is negligible (Reference 24). 
Furthermore, according to Hunter a.nd Ballou (Reference 25) the nuclides 
'With xzax:imum energies below this valll.e that cantribute IOOl'e than 1 ~ 
cent of the gross fission activity constitute apprccd.ma.te:cy 10 Jl9roent 
of the activity of the sample at the time the masurements far this re­
~rt -~e ll!'dJ',_ i~_e!_J~~t~:cy -~i_[+J_Q9_hours • . __ ';L'herefare.,_the ~ 
entailed by the asSUlllption of a negligible correction should be 10 pet­
cent or less. The practice of ignoring this co:m-ection bas been further 
justified by comparison of the defined geometry' method vi th 4rr ooi.Llt:!.ng 
techniques. 

6. The averase sample beta activity~ w.s treated by the above 
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corrections to obtain the sample .activity Ac1 in disintegrations kf!r 
- ~tEl! -- ~ - - ---. ----------· 

Ab (counts/min) 
Aa. (dis/min) • -----

Gp f'b f;r 
(:S.3) 

This mthod has been shown to give e.n accuracy vi thin 10 percent vJ. th a · 
:mixt~e of radionuclides (Reference 26). 

This activity in disintegrations per lltinute was then divided by 
the weight of the sample to achieve the final result in disintegrations 
per nrl.nute per gram at tilne of counting. 

B. 2 RADIOOHEMISI'RY 

B.2.l Sample Preparation. The solid fnllout samples designated for 
radiochem:i.caliiiia:JYSes were dtied at llcPC for .30 minutes and a.ccura.te:Q­
veighed to:1: 0.1 mg before dissolution. Accurate volU!18S of the liq1lid 
fallout or suspensions '!-rare taken i'or a.nn:cysis after care -was· exercised 
in getting a hOiliOgeneauEI mixture. All fallout samples were treated ldth 
5 to 10 llll of 61-f HCl. If 8ll1 material failed to diSsolve, it ws filte;r­
ed, w.shed1 transferred to an ErlelllliSyEir fle.sk, and evaporated to dryness 
three t:iltles with aqua regia.. It was then taken up in 5 ml of 61-1 HC1. 
Any :nateria.1 still 'Ulldissolved ws filtered, wshed, and discarded. All 
the clear solutiODS were caabined and diluted. to an appropriate volume 
1d th dist:illed vater. 

The filter papers from the aircraft sa.m.pling of-the clouA ware C\lt 
into snnll pieces a.nd. digested 'W'ith 10 llll of f'umi.ng BNO; fQr 30 min'l.\tesj 
10 ml of concentrated HCl 'llere ca.rei'uJJ,y added, and the digestion con­
tinued for another 30 lllinute_s; 2 ml o:t: 70 percent percblor.i.c acid were 
added, and the digestion w.s continued fer a. final 30 minutes. The cleal­
solutian '\U than evaporated to d:eyness, taken up in tM HC11 and diluted 
to appropriate volllme vith distilled w.ter. 

B.2,2 Radiochemical Separation a.zJd Caunt~. The details of the 
sepu-atian procedures are lii'Viilin Section B.2:: Gener~, four ali­
quots were ta.klm for each a.na:cysis, and the avera~ of the four wa re­
ported. In the a.nal,yses for iz.J39 1 Mo99 1 IJ3l, Ba)401 Blld ceJM, the 
final precipitates vare mounted in the centers of ~;aJa-br--lllb-in~ 
a],,mlmlm _plates. The cel44 precipitate 'u even:cy spread in a l/32-inch 
de:pressicm 5/l6 inch in d.ial!leta:r in the center of the alumilnlm. plate. In 
the other ana.:cyses1 the final precipitates were filtered throcgb. 7/&-ind:r­
diameter filter papers, Wich ware mcnmted in the center or the plates 
after they had been weighed and the chelld.cal yields of the sepe.raticms 
.determitl.ed. A fih of rubber ~ocblorlde (0.45 mr/r:a?-) ~-~~-~ 
the:~tu-e'HminateellJY ~-~or tlie precTpttate. In the 
Np~39 ana.:cyses, the final extractions were evaporated to dryness in ~ 
alullti.num. planehets 15/16 illch in inSide diamet8r ~ l/ 4 inch hi~. Spro 
cial alllm:iil.um. plates wre fabricated vith recessions in their centers to 
nocollliiiOdate the sDJ3Jl planchets. 
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All beta oounting -.s done 'With thin end 'Willdow CM tubes llallnted 
in lead pigs, Technical Associates Model AL l/J. 8ealers1 AtOIIIic -tllstru­
mant Compa.ny Model 1060, w~e Wlecl to record cc:luz+ts. The CM tubes .. 'W'el'.e ­
supported by the usual :Incite stages, in 'Which the distances bet,ieen the 
tube 'W'ind.O'Il am the absorber shell' 1 Shelf l, ~elf 2, and Shelf' ), an 
0.8 om; 1.5 om, ).l em, and 4.7. em, respectivel.J'. 

Eaoh saJnple uas COWJ.ted for a total of' 10,000 counts or £or a total 
counting tima of lO minutes. The former accounts for a 9.5-peroent prob­
ability of being 'Within 2 :percent oi' the actual counting rate. The :J..O.. 
minute tw lilttl.. t was expedient because of the laree volume of counting 
that had to be done. All samples ,.rere counted through at least one half 
life, ax:eept for the sa89 a.nd cel44. The samples on the alllminun1 ca.1'ds 
have only two possible orientations in the counting system, 180 degrees 
apa....-t; the averages of' the tvo orientations 't</el'e used:. No special ori-
entations i'or the planahets vere naintained. . 

The individual nuclide activities wre corrected (for radioactive 
decay} to zero time, for ahem:i.cal yield, and i'or sel£-a.bso.,--ption and 
sel£-saattering. Each tube ws calibrated for correction of counting 
rates to disintegration ratP.sJ?;r_ actual measurement of a ~tanda;n'! soui'tl 
for each nuclide analvv.Ad. 

(b) (3) 

~pm 
-coun't~ emp.J.oyed 'Wli.S an internal-sample, m.etnan&-now counter operated in 
the proportional region. :Jlle iac.i~g gas w.s changed to a m:1xt.vre oi' 
argon and ~Ethane about ha.li' wa:y through the operation. A lineaz a.mpl:i.­
fier and an multiscaler, Atomic· Instrument Canpacy l-!cxlell0601 wre UBed 
in conjunction with the :flaw counter. The d:isarim:iJ:Ia.tor in the sce._le_r __ 
ws set to el.imil:Ja.te all pulses but those due to alpha_ pt,.t,i cles..) 

(b) (3) 

--me gross beta activities were m:~a.sured on snan allqnots --Of. dis­
solv:ed samples evaporated to dryness in glass ple.nchets or eups. A film 
of rubber eytlrochloride ws glued over the topJ or the pl.anchets to 
prevent the absorption of moisture. In most cases the amount or mterial 
was small enough to e11m!nnte significant self-absorption-self-scattering 
corrections. 

13.2.3 Radiochelllical Sete.ratian Procedures. The se~tion proce­
dure :ror Bal40 and Sr89 is essentiallJ' that oi' Glendellin (Reference 27). 
The onlJ sigoifi~ modificat±cm-is- -that·-t.M ·bat"im-n-!ina-,:cy--ii"eClpi;;.. 
tated am mounted as the cl:lromate. The procedure consists oi' the pt"e­
cipitatian o£ 'ba.ri:um a.lld stl'antiUJ!l as the nitrates using fuming HN0',3. 
The llitrates are dissolved a:ld scavenged with Fe((B);. The final sap!..'t'&­
tion of barium frtmt strontium is made by the preciptta.t:Lcm or barl'!lm as 
the chromate, i'oll~red by the precipitation o£ strontiU!ll as tha c::aalate. 
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1lle cerium proced\U'e wa cleveloped b7 Glendeain m1 others {Bef.. · 
el'tnce 28). b ~UwtiOA o! .enan1mn ~te- .i'or. n:ra11c acid-aa -tbe----­
precip!.tating agent vas the cml7 modi!icaticm, ~~ c~~ .~1e ~ 
"oflU the oxLdaticm of Ce +++ to Ce++++, followed br the e:ttracticm .of 
Ce floom a lO M HNQo:t soluticm w1 th •thrl isoba:trl ketcme, ~e Oe+++• 
il then reduc~ to ce+1-t Slld back-extracted into 'Water 0 Aft;ar adj'WJ't.. 
mmrt or the pt, the cerium is preeip!.tated as the ax:alate, ignited. to 

c~,w1~ec1, cd~~~·----------------------------~ 

(b) (3) 

>w Xi a '"'iiKxu.rication of the original pt"OCeclure, the final 3 N ~ 
acid mraction is evaporated to dryness 1n a. 40-ml conical centrifUge 
tube, taken up in 1 ml of H20 vith 3 dro}:S o! 30-peroem H2~, and evapoo 
orated to dryness in an a.llmd.num planchet. The H2.o-H,o, vash of the 
cen~ tube is rematad oMA. · · 

(b) (3) 

I 
I' ' 

-·--- -~ 

The -aet8l'iif1Jiition or y'90"~ perforl!*'l as an estimtion of Sr90 COD­
cmtrations ~ If a ~ontium. se~ticm is performed several ~ after 
fission, Sr ..JJaniJ. Sr O V1ll be isola.ted. 'l'hirtr days after the l'trantim 
sepll'ation 1 ~o- v.Ul have grown back i!lto secular equ:Uibriam v.tth Sr90. 
Consequently, yttri'UIIl ~is o! se:aratod lltrcmti'Wil samlila& lEJ!Iita 8%1 
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______ . ... ------ --- --- - ·- · 



UNCI~ASSIFI 

estillatian ar the er90 concentration. . . . .. . - . 
The proCedure tor yttricin by Sf&q.eJ.J..~~~~ce_1?j_was _followed ___________ _ 

·Wiu one Cliange--iif Wfcti -pe-froleum ether ws s'U'bstituted for Ou.lt' Solvent 
BT. The procedure involve~ the extraction of· the· nitrate i'roiif conee~ - · · · - · · -- -·· 
trated _ HNOJ solution with tribl.,>tyl. ~osJhs.te dilUted l1i th petroleum ether. t1 
The ;yttrium is back!-extracted into water, precipitated as the axalate, 
and ignited_ to Y2~· 

The r:!Jl procedure of Glendenin and Metcal.i' (Reference 33) vas .f'ol- "' 
lOW'ed for analysis of this nuclide. The sna:cysis calls for the a.dclation 
of the r vith Na0::11 follaw-ed b:y an extraction 'With CO~. The iodide is 
then reduced with 1M NaHSQ3 and back-extracted into water. After addi-
tion of 6M HND) and :ll1 NaN02, the I2 is extracted from the wter v.ith 
CCl4. Finally, the iodine-<Xl~4 layer is again treated vlth NilHSO) and 
extracted 'With wter from Wicli the iodine is then precipitated a.s Agi. 

B.3 PROOEDURE F<R DENSITY Ml?.AStJiiEME:NS 

The pycnometer procedu...--e 'WB.S used for the JOOaaure~nts of fallout 
density (Reference .34). The density of the fallout, D, ws compited 
from the equation 

ds D=-----
s + p + Vd- v 

1fuere: d : Density of pycnOJ:leter liquid. 
s = Weight of fallout sample. 
p = Weight of dry, empty pycnometer. 
V = Internal volume of pycnomete1•. 
w = Total 'rei~t of wcno~ter 1 fallout samp.'!.e 1 

and liquid necessary to fill the P"Jt:nometer. 

(B.4) 

Tolua11e lolaS used ns the pycnometer liquid, and a va'hle of 0.861 
gjcri' riM ·determined as its density at 25.50C. Tlle ~sure~nts ver.e 
made in an airconditioned laboratory trailer; no additional precaution:3 
wre taken .to lll!rl.ntain constant temperature. The pycnO!D.Elter 1 fallout 
sample, and toluene were kept under reduced pressure with ocCasional 
st-r!...rling for l hour to facilitate the reillOVal of air from . the SB.I!lple. 
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c~ otttoor, u.s. lina1 Sahoal.l c-, u.s. 158 C.-ndar, Cnv 'b'IW11!l& Air roroo, ~ l'1el4, J&-ral Statioa, Traoolll'll I&1NI4, S.. J'rallcl~eo, 
'!'u. Am!: l!!nS', res/a iio C&11f, 

~-l.6o Coaa.nclaz1t 1 A1r lMCie 9abool. ot AT1&t1Jm MI41C1DI
1 C~ otticer, U,S, n...t 'l'r&1n1oi Center, Jalll 

~Alll,,c, ' :suo, llortol.k U, Va, Am: Spec1&1 WNI'CDI Scl!ool 
161-163 C-, .Wript .tir Dove~t Cmtor, Wr11!ht• ~ 01t1oer, u.s. flut ~Center, lina1 

Pattonan .17!1 J:loi't<m, o. Am: WCOBI st&tloo, S... Dill" 36, C&11t. Am: (SIW Bubool.) 
1.64-165 C-ller, Air Porco Clll>r1d&e .Raoooroh Coator 1 Ill c~ 01!'1oer, Air Dove~ aq-..., 5, 'II-5, 

!lulac .. J1ol<l1 BW!ol'll, Hue. Am: C!!QS!l-2 V ,8, ktel Air Statias, Momott FlolA, C&11t, 
l£i6.169 c-. Air Porco SJ)tc1&l Woo.pao~ Clllt&r I lirtlazld C~ 01!'1cor, U.S. Jo....:L llame.80 C01>trol t'ra11lilll! 

A!'ll1 K. No&, Am: Lib~ 
C...tor, .. -ral -· ~ 121 PO., Al!lli: AliC lb9·170 c-.r, '1Dirr1 Al'll, Dllrnr, Colo. Am: ~ -•C"""" 

ot~t Tl"&1lliDC C=-m41DI; Officer, U,B, laval Unit, Chea10&1 Carp• 
171 c-, lJXI9tll Spoc1al We&JlCIIII Sqws4roll, lloo4-8cllool, Arq Cllold~~ Ceat.r, rt. llcClaU&n, 

quutera, USA1, Wu~aa 251 D.c. Ala, 
172·173 'lbo !W!Il Carporat101l, 1700 MUll Stnet, Santa lbaica, C~:, 0.2;1. !kt&1 Orlbac4l laOft'Wl'71 S1l1W!' 

C&lit, Am: Ruclaer lil>orQ .D1Til101l ll;rlllc 19. 114 • .&m: 1111 
17" C~r1 Becood Air :Force, ll&rltld&lo A!'ll, Lou.ldano. c-. •• u.s. ll&nl O:daaDc• Iaorotorp, 81lftr 

A1"1lf: Opereti.ODa Alla.lTI1• ot'flco SJiriDC 191 114. Am: J 
175 ~r, lighth Air rorce, W11tan~r APB, Ka11. Am: c-dor1 O.S. !laval Ordl1once .!'lot St&U011, IJQ-ololm, 

Operatioae AM,b111 ott1c1 Ch1oa J.al C:.l.lt. 176 Coazls.Ddar, Jittec.th ~ J'orCM~ 1 Ma.rcb AJ'B1 Calll. 01!'1cor-~o, u.s, llonl C.ITU lzla~r1118 Boo. 
~l"l'll: OperatiCIIIJ ~1• O!'fieo ll!ll l!nluatiou Lob,, U.S, il&'v&l C-truot1111 :Bot· 

1TI C~r, Wootem Dn.l.opoont Db. (.WX:), PO Bax taliOD Center, Port !UOilllll, C&l1t . A1"D!: Coda rn 
262, I:DsJ.ovood, CaW. Am: o'IlSl"r, Mr. R. G. Votu ~ ott.loor, U.S. ll&nlllo41e&l BeiOirah Iaot., 

178-l.B4 t.cbntcal In:toraticm Service i~r:teu1Cil1 O&t. R1dp, ll&ticmol Noftl llocUcal cmter I llethOIId& lJI I Nil. or-. (llw-plu) Director, u.s, !laval liiOirah I&borot017, Vaohi.DgtCIO 
2:1, D.C • .u-m, 111'1. lAU>aril» B. Cua 

Director' 1 Dla Kt.teri&l l6bon.t.017, lev Yorlr: llnal Sbip-
J'llri, BrookJ111, •• y. 

O'lmll llEPAlllM!lfr 07 ID'EIIIiB .ICTIVI'lllS CCIDI1d1D& Ofr.loor ll!ll llirlctor, o.s. liaV'j' !lectroaico 
Iai>oro""T, San D1110 ,.. , C&l.1r, 

.Uat, S.creta.ry ot Defanae, Re-.rch and :r.·nlopwmt, C-..!1llg Ott1car 1 O.S, Jlnol Ba41oloc1e&l lloflllll l.85 Iaborotol7, SOil !'riDo.laco 211, Calif. Al"l'll: !'lclmie&l .D/D, Wubillgton 251 D.C. A1'l'M: Tech. L1b...,- IJ, Inf01Wt1Cil D1Thic:m. l.B6 u.s. Docnm&mtl Oft'1cer1 Ottica ot the u.s. !l&ticmal. 
C-illl! Ott1cer &D4 Diroct<>r, Dovid W. 'lloylDr lb!ol. 1Ci..l..1tart llepreamrtattn, SliAPI, APD 551 -.v York, 

koUI, VaelliDCtoi> 7, D.C. J.Ti'll: L.lbre:q- J.I, 
C"-''llar, U.S. Jl&•al Air ~at C.ntor, Jolml· 187 Dinctor1 Wt&JXIDII 9yeteu !valuation Oraup, OBD, 1ta Tille, fa. 2Xl006, PontqOD, w .. hinston a,, D.c •• . ... c~ Ot't.lcer, Cloth1nc supp:q ortioe1 Coelo u;.o , IllS C..-.dal!t, Anod rorooo Statt Cal.lep, 11artoa u, 31'11 J..,..,... &D4 29th St., ~. M.Y. V•. At'DI: S.cnt..7 
C.....x!ant, V,S, C<ut Gu&r4, lJOO ll. St. M.W., lluh· 1B9·1911 CO!II:&Dd.er, J'ield. CO!IIDilDd, Artiad. J'crce1 Spad.&l. Wu:pau iDCt<m 25, D.C. Al"'llr (OI!i') ProJec::t, Kl Baz 5100, A..Thuquarque, 1. Nu. 
'l'eeb.ice.l. InfvnDticm Se"ice B:n•odaa, Oak Ridp, 1~,-~96 C~r, J'1eld CCJ:J:IIIUUl, .Arma4 J'Ol"CIIa, ~cia.l V.a:poM 

t'la, (Surplua) ProJect, Rl Baz ~~ Albuqua.rque, I. Ma:z. AT'/!1: 
T11ahnioal '"1niDC Croup 

19'7-201 Chiet, ArM4 Forc11 Bpeeialtiea.~ ProJeet, W'u~ Alii' :FttiCK .ACTIVI'l'DS 
25, D.C. J.Ti'll: - L.lbn!7 -

Aaat. tor Atc.1c 2D;atQ', !e&d.quarten 1 USAF, W'uh..iJ:!&~ 202-208 !'echnica.J. Intor'III&Uo:n Sarrtce E:r:teDI1cz, c.&. lU48e, 

""" 25, li.c. Al'I'II: -rcs/o Tenn. ( Burplu) 

Du.ctor of Oper&ti,.., 11114qll&1'toro1 USAF, Waobln&tan 
25, D.C. A!'llh Ql:llll'&t1azu~ Az1a.l.111~ 

J.lltector or .t'J.IZI.I, llead.qU&Z"t.n, OSAJ', Waah.iJ2itcm 25, 
Amat: DEI!G!' CCMIISSI!m ACmiTlllS D.c. Am: v..- l'lalla .D1•. 

Duec"tor a.t S.•MrC.' IDd Dn•~~ S.a.dqu.rtu .. , 
!ll')-211 u.S. AToaOI.c l!l:>orQ C~oo1c:n, Clu•ifild llochllie&l lliW', Wuhinstcm ~. D.c. ~= c.-.t ~ 

ll1v. L!bre:q-, 15101 c-tituUoa he,, W&lh1llltc:n 25, D.C. 
Dine to!' ot lntel..ligmce, IMdq~n, tTSAJ', lrl&aAin&- Arm: lire. J. M. 0'X..!7 (For 1111.) 

ton 25, D.C. AT'l!l: .IJ'OIII-III2 212-213 Leo .u.- Scimti!ic Ial>oroto17, lioiP<>rt Libl'llT, Ill 
lho Sllrlllll Geo1Z&J.0 l!oo44UAMUI 1 1JSo\F o 1/&ehi.DgtQD 251 Bo>: 1663 1 Leo Aluoo, 11. No&. An!!: l!elllllla-., 

D.C. AM: Bio. Dot . Br. 1 Pn. lied • .Div. 214-2l.B 8&D41& c_,.tias, Clo4t1tild lloou.nt Dirlli<m, 
Doput)> Ch1ot ot statt, IlltoWs.,.., 11114quartaro, u.s. Sondi& -, l.ll>uqutrque, ~. Moa;, A1'nl: lart!ll 

All' :ro-o ruz,po, AP0 633, Htv Yorlt, K.!. U'ft: Luooro 
219-221 11111voro1t,- at C&11torlli& :Ra41at1011 ~borataz:r, PO Baa: Dinctort.w ot Air 'l'&r;..U 

sos, L.l ... -.-.. c.ur. Am: !Cpnt ldhla4 c-, <97tb Roccm&U~&oco ,...ll.Die&l Squ&4rcD 
222 W"ea.paa Data Section, tecl:LzUcal IntaratJ.ca S.rrtce (~ted), APO 6331 llw !ork, Jl,y, 

lrtlmlion, OU. 11.11!&•, 'l'e:a.. C~. l'ar r.ut JJ.r J'Ol"CCa, .APD ~' Sc rrt;no1•co 1 

223-~ . l'lahllie&l Illtor.:t1011 Sorrlco li:lteuo1oa, Olk Bidp, eour, A'l'lf: Spec1al Aaot, for llllap C011trol 
c-..-111-<:~Uet 1 Strotllie A1z c........,L ottutt Air '!'eon, (S""!'ln.) 

·-·-~-4r--~ , -ro.--.. ... -, -Ciiiiii&, ~&:-lf'l!f:"I!POCi&lwO.ipmo 
Brollah, IMpoator .DiT, 1 llltpootor Ool>erol 

c-.,., ~ctle&l Air c-, LmaleJ m, va. 
A!l'!ll: llocuMIIta Soc~~rit,- -c-. Air lloto1111 c-, lilt Al'!l, Colo. 

.\DDmoa:AL Dllllllill!lriOI 

':CDIIder, 13~ Moticc Pic:~ Squa4ron, LDaktlu.t. 'f\ :a. ... rc.b Dirtctonrte, tiq.l, Air J'o:roe 8~1&1 265 
lloopolll Center, l.lrtl.IIDII Air Jorco Booo1 11oor Mowr.t&111 I.aborat017, m5 Wcm4erl&DI A•••• loo 
lloziC<I.- .\!111: Jlut IN'octe !uurch Allaola• 46. C&llt. 
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